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ABSTRACT 

Some understanding of biology is needed for the 
success of individuals in modern societies. This monograph is a 
report of an assessment of educational achievement by a sample of 
secondary school ^lology students in the United States within the 
context of current knowledge of teaching and learning strategies, the 
role of biological literacy in modern schooling, and some 
implications of the test results for improvement of modern biology 
education. The central focus of the report is a description of the 
test results for the first and second year biology students who 
participated in the Second International Science Study (SISS) 
sponsored by the International Association for the Evaluation of 
Educational Achievement (lEA). Discussions center on: (1) an 
"Introduction to biology education in modern society and the concept 
of biological literacy; (2) "Biological Curricula," which includes 
historical perspective, the Biological Sciences Curriculum Study, and 
biology textbook content; (3) "Studies on Biology Achievement"; (4) 
"The SISS: Rationale, Methodology, Instruments"; (5) "Results of the 
Second lEA Study: Biology Achievement"; and (6) "Conclusions," which 
contains findings and implications for biology curricula and 
learning. Each chapter includes a list of references. Appended are 
the first year and advanced biology content tests, student 
questionnaire items and responses, and mathematics tests given to the 
firs^ year and advanced biology students. (CW) 
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Foreword 



An importruit monograph. The results of the Second International Science 
Study are discussed within the context of literacy in the biolo^cal sciences, 
curriculum development in biology, and biological science education research. 
There is a discussion of the nature of the biological sciences education needed by 
everyone in modem societies— biological sciences literacy. There is also a 
historical view of the development of biological sciences curricula and an analysis 
of relevant biological sciences education research. Of special interest to teachers 
of biology, science supervisors, and biolo^cal sciences curriculum developers are 
seta of biological sciences instruments and the item statistics. These are now 
available in this monograph for use in improving instruction in biology in our 
schools. 

Some imderstanding of biology is needed for the success of individuals in our 
modem societies. But, what biological understandings and skills are needed? A 
two-dimensional model of biological literacy is proposed. This two-dimensional 
framework for biological literacy is used in the search for the optimal 
organization of biological curricula and for the most efieciive modes of 
instruction. 

An historical perspective on the development of biological sciences curricula 
is offered. It is well to be aware of what has gone before. Certainly, modem 
biology curricula continue to be influenced by the biology texts and other 
curriculum materials developed under the auspices of the Biological Sciences 
Curriculum Study (BSCS). Such biological materials and related studies provide 
the framework with which the results of other studies, such as the Second 
International Science Study, can be interpreted.. 

There also has been considerable research into the factors that affect 
achievement. For example. Professor Anderson's studies of neurocognitive 
models of information processing and knowledge acquisition are among the 
kinds of studies that should influence future developments in biological sciences 
curricuJa. Out of these studies have come models of instruction that are xiseful in 
improving effectivness. Some of these models are described in tiiis monograph. 

In the study of achievement in biology in 1986, two populations were tested 
The Biology I Test was administered to firet year biology stude^its usually in the 
tenth grade. The Biology II Test was administered to students who would have 
two yeare of biology and were usually in the twelfth grade. The items in the 
instruments have been classified, and these classifications have been used in the 
analyses. For example. It appean that the mathematics skills assessed by the 
Mathematics Test contribute some of the variance in the biology test scores. In 
addition to the tests, students responded to questionnaires, opinionnaires, a word 
knowledge test, and a mathematics te. t. The analyses of the data collected helps 
to identify the strengths and weaknesses of our biology education programs and 
illuminates some of the problems we face in biology instruction. 

Copies of all the instruments used and the item statistics are appended in 
this monograph. You can use these carefully prepared instruments in your 
testing and biology curriculum development programs. You may wish to find out 
the kinds of questions on which your students do best or the items with which they 
have the greatest difficulty. Also, you can compare your students' scores with 
thoee firom the national samples. 

Professor Andereon is a Professor of Natural Sciences at Teachere College, 
Columbia Univeraity. He is a leader in science education instruction and 
research. He is also a Senior Researeh Scientist at the Biology Laboratories of the 
Lamont-Doherty Observatory of Columbia Univeraity. 

Willard J. Jacobson 
National Research Coordinator 
Second International Science Study 
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Preface 

This monograph is a repon of an assessment of educational achievement by a sample of 
secondary school biol )gy students in the United States of America. The study was done under 
the auspices of the Second International Science Study (SISS) sponsored by the International 
Association for the Evaluation of Educational Achievement (lEA), and funded in pan by the 
United States National Science Foundation. The EEA is a federation of international scholars 
with multi-national interests in educational achievement. Founded in 1967, the lEA has 
sponsored several international assessment studies over the last two decades and their role in 
the study reported here is described more fiiUy in Chapter Four. We are pleased to also 
acknowledge the support of the National Science Teachers Association, Washington, D. C, 
the Spencer Foundation, Union Carbide Corp., and Teachers College-Columbia University. 

The central focus of this report is a description of the test results for first year and 
second year biology students who participated in the study. These two samples (especially the 
first year biology sample), prepared by the Research Triangle Institute (Research Triangle 
I^k, North Carolina) are reported to be highly representative of the Nation's schools and their 
biology students. Within the major focus of this report, the findings have been embedded in 
a context of "The Teaching and Learning of Biology in Secondary Schools" as a theoretical 
rationale for the repon. This context is based on some current knowledge of teaching and 
learning strategies and the role of biological literacy in modem society . It is a means of 
organizing the findings and where possible presenting some practical conclusions. The repon 
is not intended to be a thorough review of current learning theory and its implications for 
biology teaching, but hopefully will provide some background insight into the development of 
modern secondary school biological curricula, the role of biological literacy in modern 
schooling, and some implications of the test results for improvement of modem biological 
education. The background literature for this repon has been highly selected, largely based on 
a criterion of a need for parsimony and the relevance of the research to the kinds of leaming 
assessed by the SISS test items. Therefore, the background literature survey may not be fully 
representative of the scope of current theory and practical wisdom in the field of biological 
education. It is clear that not all of the major current research findings can be represented as 
background data in a repon of this limited scope. Thus, lack of citation of a research report 
does not imply lack of worth. 

I am deeply indebted to the staff of the SISS who have generously provided 
background inforaiation about the SISS and its data set Willard J. Jacobson (National 
Research Coordinator, U. S. A.) and Rodney L. Doran (Associate National Research 
Coordinator) have been particularly helpful in providing insights into the theoretical and 
philosophical rationale for the SISS effort on a broad scale. I also thank Mark Rinkerman 
(Data Manager) for his technical advice and statistical expertise in data reduction and analysis. 
Ms. Jan Owen (Administrative Assistant) has been very helpful in guiding me through the 
maze of techmcal information associated with the SISS To the members of the National 
Committee who have given advice in preparation of tiiis document, I express my sincere 
appreciaoon. Any omissions or inaccuracies, however, are the responsibility of the author. 
The views and opinions expressed here are not necessarily those of tlie sponsoring 
orgamzation nor the funding agencies, and should not be assumed to be authorized by any of 
the supporting agencies including the United States National Science Foundation. In all I trust 
that this report wiU stimulate critical dialogue and hopefully provide some insight for 
improvement of biological education in the United States and, where appropriate, 
interMOonally. I am pleased to have conaibuted to the endeavor of the SISS and to the 
significant work that our secondary school educators perform in the enhancement of human 
lives and die creation of a better society. 



O. Roger Anderson 
Columbia University 
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Chapter One 



INTRODUCTION 



Biological Education in Modern Society 



The opportunity for a free, comprehensive ana high quality education for all is an ideal 
deeply rooted in American culture. This ideal, though not universally realized, has been 
invoked in widely divergent socio-political contexts and remains a consistent theme among 
educational reformers ^ Throughout much of this century, secondary schooling has been the 
highest level of formal and comprehensive education for many of our citizens, and has 
become increasingly a key transition stage in the quest for a higher education for all who are 
intellectually c^ble. It is clear that the quality and intellectual depth of secondary education, 
including the development of adequate knowledge structures and cognitive skills, often 
makes the difference between success or failure in the transition toward a successful and 
complete higher education^. 

A comprehensive and sophisticated understanding of science has increasingly become 
a significant hallmailc of an educated individual in the twentieth century. Science is not only 
a tool of modem society; it has occasioned, if not stimulated, some of the most profound 
philosophical reflections about our identity as human beings and as a social oider. The 
products of our scientific thinking, ironically have not only relieved us of many technical and 
ideological burdens, but have also occasioned new dilemmas technologically and ethically^. 
The opportunities for progress through enlightened and benevolent application of scientific 
insights have been tempered by the potentially destructive misuse of our newly gained control 
of natural phenomena. This dilemma is not only limited to the oft cited potential dangers of 
misused atomic energy, but also extends to other ethical issues such as: 1. what part and 
how much of the natural environment will be exploited for immediate human progress, 2. to 
what extent will increasing proportions of the gross national product be allocated to 
technological and military applications of scientific knowledge versus improvement of 
individual quality of life, and 3. to what degree should humanity take control of the 
fundamental hereditary apparatus of life toward remaking species including our own. 4. A j a 
corollary, if the human genome is fully mapped who will receive this information? What are 
the possible consequences for the spirit of free scientific inquiry if information in withheld, 
and conversely how will this fundamental information regarding human welfare be pi-otected 
if at all firom exploitation? If we can fully prescribe the genome of a hv'man life, who shall 
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decide the composition of this fundamental hereditary code especially if it impinges on the 
neunxognidve capacities of the "genedcally engineered*' human individual. Science, thus is 
not only pan of a liberal education, but increasingly is the context for our definition of 
humanity, and the refinement of our social ethos. 

Many of the profound questions confronting modem society emerge increasingly 
from applications of research in the biological sciences. Biomedical questions, more than in 
the past, literally involve decisions of human life or death. These include modem techniques 
for the proscription of life or its prolongation, the amelioration of malaise and enhancement 
of life through allocation of limited biomedical resources, and the possible control or 
prevention of congenital diseases and other in-bom erron of metabolism through application 
of genetic engineering. Many of the ethical criteria for these decisions, and questions of 
allocation of public funds, may be referred to our citizenry or their legal representatives. This 
implies increasing expertise, or at least biological scientific literacy, by a broader base of 
liberally*educated people. 1 he expanding m«irket for specialists in wide ranging fields spun 
off from biological scientific research, and the likely increase in expanded opportunities in 
service professions based on biological technology ranging from biomedical counselling to 
advisers in agricultural and domestic resource applications, ponend a growing demand for 
biologically well-informed professionals. 

In a democratic society, it is becoming increasingly clear that narrowly educated 
specialists cannot make, and probably should not make, many of the moral and practical 
decisions that affect the quality of our lives. Many of these questions center in 
environmental, biomedical, and energy resource utilisation issues. These questions 
increasingly expand to include truly universal issues such as the expansion of human life into 
extra-terrestrial space. Who shall go, how many individuals, at what expense to the 
population left behind, or at what potential coiporate gain to society relative to immediate cost 
for its individual memben? What shall be the biological and social cultuial heritage carried 
from our terrestrial experience into this ncv world' If we take odier living OTganisnis with 
us into these new environments, what genetic heritage (represented by selected species or 
dieir genetic libraries) and ecological systems will be most relevant and ethically sound given 
me possible uncertamties of these newly inhabited worlds. Many of these decisions require a 
scientific literacy that extends beyond specialist knowledge. They require a systemic view of 
the interrelationships of principles from the physical, biological, economic and socio- 
psychological sciences. The multivariate consequences of alterations in a seemingly unitary 
variable in our physico-bio-social environment often go overlooked by focal specialists in a 
field, and most probably will be overlooked by narrowly educated citizens who are incapable 



of understanding the web of interactions that maintain a balanced and productive 
environment 

Biological Literacy 

A biologically well-educated and literate citizenry broomes of increasing significanc ^ as the 
complexity of science-based decision-making increases. Little consensus exists as to a 
definition of scientific literacy and in some cr^es the concept is discussed from multi- 
discipinary perspectives without a clear coherent conceptual base. Some interdisciplinary 
viewpoints by leading scholars have been presented in a special volume of Daedalui^, These 
articles include analyses of 1. scientific literacy from an international economic perspective^, 
2. its relat^.onship to democratic theory^, 3. its role as a framework for decision-makers', and 
4. implications for improvement of science education^. 

Definition of Biological Literacy. 

A definition of biological literacy, as with the broader definition of scientific literacy, 
is not easily reduced to a unitary description. Indeed, it is likely that such literacy is better 
defined as a continuum of cognitive states mapped into at least a two-dimensional field (Fig. 
1.1). This conception is presented here as an ideational framework for a subsequent more 
generalized discussion of modem biology curriculum development in subsequent chapters. 

The two-dimensional model is bounded by two axes forming continua of information 
processing abilities. The coordinates of any two points on these axes defines a point in the 
plane of the figure representing the combined contribution of the characteristics of the points 
on the two axes. Four quadrants have been selected in the plane of Fig. 1.1 to illustrate four 
major combinations of coordinate points. These descriptors are derived from a range of 
points on each axis bounded by the dashed lines. A more detailed description of each point 
on the dimensions of Axes One and Two is presented in Tables 1.1 and 1.2 respectively. 
The major characteristics of each dimension arc described in the following paragraphs. 

The coordinates on Axis One are: lA. competency in comprehending the appropriate 
field of science rep.iesented by the scientific meanings in a communication, but not 
necessarily including an ability to make interpretations or explanations of the phenomenon. 
This is the lowest level of semantic competency and represents an awareness of the 
appropriate context for the scientific meanings; IB. interpretive competencies, including the 
ability to analyze the information given and interrelate it to form a new expression of 
meanings; IC. explpnatory competencies, including the ability to inform others of the 
scientific meanings; skill in interrelating the information internal to the communication, 
cohcrentiy orga.nizing it into a ctear exposition, and communicating it cogentiy to others; ID. 



extrapolation and implication competencies in extending the information given to include 
likely consequences of the phenomenon discussed, the logical, semantic, and cultural origins 
of our interpretations of the p^lCnomena, and the likely future scenarios that may emerge; IE. 
application competencies, including skill in determining the appropriate contexts for applying 
the infOTmation or scientific methodology in new settings, knowledge of the likely boundary 
conditions that constrain applications, and the necessary standards needed to evaluate the 
efficacy of the appiication(s); IF Competency in creating new or innovative information or 
aietnodologies based on the scientific meanings communicated, including expen knowledge 
about a field and the boundary conditions and rules of logic that pertain to constructing novel 
interpretations in the field and building theory. 
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m. Competency in recognizing broad* 
organizing principles and theories 
in a f eld, and extending toward 
skill in interpreting highly inclusive 
systemic constructs in a field of 
scientific inquiry. Capacity to 
comprehend meta-conceptual ideas 
at^anning diverse fields in a given 
discipline, extending toward skill 
in interpreting and discussing the 
meanings of large encompassing 
ideas in a field. 



I. Abililty to recognize specific 
factual information as belonging 
to a particular field of science, & 
extending toward an ability to 
explain to others the meanings of 
scientific communicationf within 
a limited conceptual level. 
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IV. Expert competencies in integrating 
broad theories and paradigms into 
a coherent interpretation of 

scientific phenomena, including 
the ability to apply and extend 
theory to embrace new areas, not 

necessarily included in the original 

scientific communication. Ability 
to engage in expert dialogue about 
conceptual and theoretical ideas in 

a scientific field spanning across 
subdisdplines. 



n. Competency in fully explaining 
basic meanings of scientific 
communications extending toward 
an ability to apply and amplify 
specialized knowledge and/or 
scientific methodologies within 
restricted semantic contexts. At 
the highest levels of competency 
on Dimension One, the individual 
is able to amplify and extend 
current understandings only within 
a limited specialization. 
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1. PSYCHO-LINGUISTIC COMPETENCIES 



Figure 1.1 Two-Dimensional Model of Scientific Literacy (See Tables 1.1 and 1.2). 



Tabic LI Scientific Literacy Competencies: Dimension One 



lA Contextual Comprehension 

The ability to recognize that informanon is relevant co a parcicuicir field of science, as 
for example in biology to comprehend that the meanings penain to molecular biology, or 
human biology, etc.; and to make a general judgement as to whether the information is very 
fundamental to the field or more advanced 

IB Interpretation 

To be able to analyze and interrelate information in a scientific communication and to 
render it in a new form, as for example to be able to understand that elevation of temperature 
in a river by industrial discharge and the ?ow yield of fish in a nearby spawning pool may be 
intenelated and to be able to make some explanation for the effects. 

IC Communication 

This level of literacy goes beyond the explanatory competencies cited in IB to include 
the ability to synthesize the information into a coherent and logical form suitable for 
conununication to o&zts. This requires thai the individual be able to reflect upon the 
organization of the information and make critical judgements about ordering, interrelating, 
anu establishing meaningful contexts for the information so as to communicate it to others. 

ID Inference and Extrapolation 

This stage goes beyond the ability to reorganize and communicate information 
meaningfully to others, and includes the competency of discovering inferences within, and' 
implications of, the communicated information. For example, reports of increased toxins in 
major river? extending to estuaries, may indicate that the oceans are being increasingly 
polluted. The consequences of this change could mean lowered productivity including 
decreased fish production as well as potential climatic changes. Funher skills in 
extrapolation are inclided here. For example, to recognize that a moderate nse in global 
mean temperanire could have marked effects on agricultural productivity. 

IE Application and Standardization 

This competency requires the ability to transform information to make r. applicable in 
varied contexts, including the ability to make judgements about which contexts are 
appropriatti. The necessary criteria to be met for valid application of scientific methods and 
for improving models and theories are also included here. The individual should be able to 
state the boundary conditions that establish reasonable domains for use of scientific 
information or application of scientific methods. For example, analysis of particles in the 
nanometer range is most likely done by high resolution electron microscopy or 
ultramicroscopy, not by conventional light microscopy. Likewise, judgements about the 
transferability of biomedical experimental data from animals to humans may involve 
questions of the similarity in physiological responses of the two species, and differences in 
tolerances to doses relative to species life-span differences, etc. 

IF Elaboration 

This is the highest level of literacy including the ability to create new and novel 
explanations based on scientific information, contribute to elaboration of methodology or 
theory in the field, and exhibit expen knowledge about the field and its rules for inquiry. The 
individual should be able to engage in constructive expen dialogue. For example, an 
individual who is presented with a problem of how to overcome resistance to a medicant, 
should be able to draw on advanced biomedical research data, discuss the requirements for 
the innovation and produce scientifically verifiable suggestioas for ameliorating the problem. 



Axis Two is divided into four major coordinaies for convenience. As with Axis One, 
it represents a continuum of abilities of increasing inclusiveness. Here, the emphasis is on 
the scientific content and the individual's cognitive capacity to comprehend models of 
experience that are increasingly theoretical or systemic in their comprehensiveness. The 
coordinates are defined as follows: 2A. specialized or unitary factual content, perhaps 
related to only a narrowly deHned segment of scientific phenomenology; 2B. conceptual 
information that provides broad categorizations of phenomena including wide breadth and 
abstractness of denning attributes for the concept 2C. Inter-conceptual information that 
permits meta-cognition among diverse constructs within a discipline or among disciplines, 
including rules for transforming information from one context to another and making logical 
transits across defining states of phenomena within and among disciplines. 2D. Theoretical 
and systemic information of a broad and comprehensive Idnd permitting interrelation c^ 
constructs among disciplines including relevant criteria for making evaluations of the 
scientific accuracy of knowledge claims, comprehension of the historical antecedents for 
current constructs, and criteria for evaluating the heuristic merits of proposed iiuiovations in' 
the field. 

Lncreasing sophistication in interpreting and extending scientific knowledge of ever 
greater inclusiveness is categorically mapped as the four quadrants (I to IV) within the two 
dimensional field of the model. This compartmentation is intended only as a convenience in 
displaying the major characteristics of some domains within the model, and is not an 
inclusive definition of total domains that can be generated by finer analysis of fields 
generated by "coordinates on the axes. In general, the trend is firom fundamental awareness of 
issues and meanings in a restricted context toward a comprehensive and systemic, theoretical 
interpretation of phenomena with expert dialogue capacity. 

Hence, at the highest levels of scientific literacy, we would expect the individual to be 
not only consumer of information, but capable of discussing concepts and issues in a 
coherent and ajthoritarive manner. This is not used in the sense of authority based on dogma. 
By audioritdtive, I mean an understanding of scientific issues broadly conceived and based 
in scient^i.c evidence. On the continuum of Axis One, this kind of authoritative 
understanding begins to emerge at about the mid-point (IC) where the individual is capable 
of using explanatory competencies to inform others of the meaning of scientific 
communications and phenomena. On Axis Two, transition into this authoritative capacity to 
deal with comprehensive scientific issues occurs about the level 23 where the individual 
possesses broad conceptual understandings in a field of science. 



Table 1^. Scientific litera':y capacities. Oimension Two 



2A Specialized-Factual Information 

This is the lowest level of information inclusive ness on the capacity dimension and 
represents understandings that are limited to specific facts, and isolated factual information 
within a specialized field of science. For example, an individual who exhibits minimal 
capacity on this dimension, knows how lo define species as a group of organisms that can 
interbreed, or knows also that species make up populations. It does not include broad 
conceptual knowledge that integiates infonnadon into abstract categories. 

2B Conceptual Information 

The capacity to use inclusive categorizations of information marks this level. For 
example, an individual at this level should be able to recognize broader aspects of the 
meanings of species such as: a :,pecies constitutes a senetic as well as morphological and 
reproductive unit in a population and it is not a fixed entity, but is under the influence of 
environmental pressures and constraints that may induce changes with rime, including 
fundamental changes in the ger.edc constitution of the individuals in the species category. 

2C Inter-Conceptual Information 

This capacity is an extension of level 2B and includes the ability to make multiple 
inter-relationships among concepts, thus serving metacognition by synthesizing information, 
and giving meaning to information, among previously separate conceptual categories. For 
example, interpretations of the action of viruses in causing transformation of cell activities 
should be relatable to the transforming principle of bacterial DNA that accounts for changes 
in genetk: compositi^>n of bacteria grown together. And, based on this knowledge, possible 
explanations for viral-induced changes in cells leading to malignancy may be suggested 

2D Systemic-Theoretical Information 

This is a capacity to see phenomena in a systems-viewpoint To understand that there 
are broad generalizations and explanatory principles that can accuunt for our interpretations of 
organized form and orderly relationships among natural events. This also requires an 
understanding of the principle that a system is a set of interrelated units, mutually influencing 
one another in an orderly and predictable way, that can be explained by one or more 
generalized rules. It also assumes knowledge of a highly inclusive and abstract kind 
providing sophisticated skill in comprehending and subsuming new information within 
theoretical constructs in memory. For example at this level, an individual may utilize the 
theory of evolution to explain diversity of life, adaptations that permit introduction of new 
species into a geogn^hicai area or prevent their assimilation. This knowledge may generalize 
to include understanding the phylogenetic historical origins of inborn errors, other heritable 
disease, the likely reasons for recent environmental changes inducing maladaptations in one 
species versus another, etc. 
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The issue of scientific literacy, especially as applied to biology, is further complicated 
by the medium of communication and the context for the meanings being conveyed. With 
respect to medium, biological informadon is often conveyed visually in addition to written 
and oral modes. 

Visual information processing includes skill in interpreting a range of data sources 
spanning atomic or molecular evidence (e.g. electron micrographs and graphs of action 
spectra), cellular and tissue data (as in Ught micrographs and cytochemical visual evidence), 
and visual records of ecological phenomena and animal behavior. Among these various 
modes of information presentation, there is also the issue of context Can the individual 
properly assign the information to a relevant biological context and make critical judgements 
about its scientific and practical merits? In contrast to some of the physical sciences where 
the field is more hierarchically ordered and domains of investigation are more clearly 
delineated, biology involves a wide range of experimental and conceptual domains spanning 
molecular biology to global ecology. he significance of phenomena from a perspective of 
wonh in theory building and heuiistics, or practical and technological merit, varies 
substantially among die several sub-disciplines. For example, the issue of whether or not 
we should permit gene splicing in human tissue cultures may have htde bearing on global 
ecology, but the same issue raised in the context of large scale programs to genetically alter 
rapidly growing plants in the natural environment may have profound global ecological 
consequences. Hence, the ability to make fine judgements of the contextual significance of 
biological information, and the ability to properly categorize a scientific issue within a domain 
of biology becomes of increasing importance in defining biological literacy. Additional 
refinements in defining literacy also include the level of sophistication in understanding 
scientific communications of varying technical complexity. For instance, an ability to read 
and interpret "typical secondary school textbook narrative" is quite different from 
understanding a technical scientific report, especially if the latter is intended for a specialist 
audience. Along this dimension, several guide marks can be identified. At a minimal level, 
the literate inoividual may be able to at least extract the general theme or "jist" of the argument 
in these more sophisticated documents. With increasing competency, however, they should 
be able to comprehend the major conceptual issues, identify underlying inferences, deduce 
implications, and evaluate the scientific merit of the information. The extent to which an 
individual understands phenomena within a penpective of problem solving potentials and 
strategics versus merely passively accepting information is another dimension that should be 
considered in designing relevant curriculum experiences and evaluating progress in 
development of scientific literacy9«^0. 



Clearly, not everyone can be equally literate in all aspects of science, and indeed there 
appears to be wide diversity in adult understanding of basic scientific ideas and 
methodologyli. Among adults in 1979 who completed a high school degree, only 5% were 
judged to understand "^the scientific approach^ and with respec to scientific concepts the 
percentage understanding major modem ideas ranged from 15% for the concept of DNA to 
47% for radiation^^. In the same report, the percentage of adults who completed high school 
and who were judged to be overall scientifically literate was a meager 2%; while 22% of 
those who completed a college baccalaureate degree were categorized as scientifically literate. 
As witii any research investigation, the foregoing results must be evaluated in relation to the 
criteria for literacy employed by the researchers and relative to the item difficulty in their 
instruments. However, assuming internal consistency, it is clear that those who are capable 
of achieving a college degree show considerable, though not remarkable, gains in scientific 
literacy. Given the diversity of modem scientific conceptions and the range of potential 
topics that could be included in modem biology courses, it is all the more important that 
curricular decision-making include some informed analysis of the level of scientific literacy to 
be achieved. This may include adequate attention to the aesthetic understandings that 
characterize a minimally biologically literate member of society. The role of affective as 
well as cognitive outcomes in biological education remain a significant pan of modem 
schooling in large measure, a sound and systematic understanding of biological 
phenomena has been traditionally, and continues to be, based in an aesthetic understanding of 
our position as human-beings amidst the spectrum of life forms dwelling on our planet. The 
fundamental understanding of the numerous adaptation s of life in relation to an ever changing 
environment and the clearly remarkable way living systems maintain a balanced and 
continuous state of life in the midst of change, including that of our own human system, 
remains an aesthetic undentanding that all educated persons have a right to claim. In this 
sense, as much as in the practical necessities cited before, a comprehensive and integrated 
biological education remains a major objective of modem education. The opportunities 
moreover to gam insights into scientific reasoning at varying levels of abstraction, when 
carefully sequenced to complement the developmental level of the leamer, are particularly 
potentiated by the wide range of inquiry skills and varied levels of conceptual abstractions 
presented in the biological sciences Some major new designs in science curricula based on 
broad organizing principles and integrated science content are welcome innovations*-8 i5,i6. 
The search for optimal curriculum organization and most efficient strategies of instruction to 
best serve the diverse clientele of American secondary schools remains one of the most 
significant endeavors of our modem society. 
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Historical Perspective 

The progress of biological thought from dependence on the dogmatic author / of herbalists 
to the theory*based, open*inquiry paradigms of modem science has been accompanied by a 
slow but steady progress in redefining processes of biological education. The earliest 
methodology centered on reproducing the drawings and concepts portrayed in the herbals or 
their many, and sometimes inaccurate, reproductions. The issue of whether the meanings 
were consistent with one*s own empirical obsen^ations of the natural world seemed to be 
irrelevant in this authority-based paradigm. As biology emerged from the dominance of 
Natural Philosophy, largely based on religious dogma, increasing emphasis was placed on 
systematic and formal empirical data gadiering. With increasing maturation of the field, these 
data were compiled toward testing of biological theories rather than confirming ad hoc 
explanations or those based on superstition. Concurrently, biological teaching methods 
gradually progressed from reproducing information in hand-drawn figures toward greater 
focus on individual observation. Ultimately, methodologies progressed toward increasing 
emphasis on individual investigation and experimental analysis of biological phenomena. 
This philosophical ideal reached a high-point in the curricular reforms that emerged following 
the launching of the first man-made terrestrial satellite in 1952 by scientists in the Soviet 
Union. This epoch-making event shattered American complacency about our scientific 
superiority and occasioned massive efforts to upgrade American science at all levels including 
secondary education, 

The broad history of secondary school biological education from 1890 up to the mid- 
twentieth century has been comprehensively reviewed by Hurd^ He divided his historical 
account into seven periods, and analyzed the changing philosophy and practices of secondary 
school biology education in relation to prevailing national needs, contemporary ideas about 
the role of education in human intellectual development, and the current theory and 
knowledge structures in the biological sciences. During "^e period of 1890-1900, increasing 
numbers of students were entering American secondary scuools and colleges. The adva. :e 
of industrialization, and increasing needs for technically educated persons to fill the 
expanding skilled and professional positions in business and industry, led to a large increase 
in secondary school students who saw a high school education as the final stage in 
preparation for a life career. The proportion of individuals who continued on to college 
declined. Simultaneously, the colleges became increasingly concerned about the lack of 
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uniformity in quality and content of prc-college science education. These factors amidst other 
major social transformations of the period led to a period of serious examination of the role of 
secondary school biological education. Recommendations for curriculum reform as 
summarized by Hui'd^» iiicluded: 

L Continuous offering of biological science from the first grade through 

high schooL 

2. A required course in biological science at the tenth grade level. 

3. At least one year of biology for college entrance. 

4. Increased uniformity of content in secondary school biology. 

5. Introduction of a laboratory experience in secondary school biology. 

6. Increased emphasis on the broader principles of the discipline rather than 
memorization of isolated facts. 

7. All young people should be instructed in hygiene and physiology before 
completing high school. 

The emergence of laboratory -based biology instruction and emphasis on morphology rather 
than natural history established the foundations for modem approaches to investigative 
biology teaching as opposed to memorization and recitation. 

During the period of 1900-1910, earnest efforts were made to develop a biology 
curriculum that was more appropriate to the diverse intellectual capacities and career interests 
of the students while building on the foundations prepared in the foregoing decade. The 
general biology curriculum emerged as a synthesis of major ideas in biology as opposed to 
teaching specialized courses in botany, general zoology, or physiology as prevailed in 
previous decades. The new synthesis was not without controversy. Some hailed it as a 
means of forcing teachers to focus on the important ideas about living things. Others decried 
it as leading to imperfect knoivledge in a far too diluted curriculum to permit systematic 
accumulation of information about a given field. This period also was accompanied by a new 
perspective on the rationale for science instruction. The idea of "mental discipline" was 
gradually giving way to a new differentiated psychology, it was no longer assumed that 
intellectual demand of any kind was suitable for generalized mental development. 
Consequendy, the unique contributions that science and biological education in particular 
could make in improving human intellectual development began to be seriously considered 

In the ensuing decad e (1910-1920) the critical role of science in advancing technology 
and industrialization in America led to more intensive reHnements in the sequential 
organization of science education in American schools. General science was introduced in 
the ninth grade, and the role of the laboratory in secondary biological education came under 
increasing scrutiny. Some of the criticisms and recommendations reflect a theme that was to 
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appear with greater vigor in the mid-twentieth century. For example, the following 
recommendations were made for improvement of laboratory teaching^: 

**!. Too many experiments merely check generalizations the student already 

perceives and repeat work given in the text 

2. The data collected are an end in themselves and have no further use. 

3. Experiments are minutely quantitative and call for refinements beyond 
the understanding of secondary school pupils. 

4. Laboratory and classroom are separated not only physically but 
intellectually. 

5^ Notebook making and notebook records serve no real purpose.** 
In general, the period was marked by increasing emphasis on science as a way of 
thought, more active involvement of the learner, and greater emphasis on projects, problem 
solving, and use of questions in teaching to elicit student scientific reasoning. 

During the following decade in 1920-1930, there was a refinement of the trends 
toward greater emphasis on scientific problem-solving and the ''humanization'* of secondary 
biology instruction. This included adequate anention to the elements of scientific methods 
and scientific attitudes, and the impact of science on society. If this decade was characterized 
by steady forwait* movement toward reform of secondary biological education, the following 
period of 1930 to 1940 was more marked by serious questioning of both the merits of and 
rationale for secondary school biological instruction. The occurrence of the depression, and 
as is usually the case during times of social upheaval the critical appraisal of social ideals and 
national institutions, led to a reappraisal of the role of secondary science education cuiricula. 
The increasing products of technology found in the home, industry and a^culture increased 
general public awareness of science as an important component of modem life. However, 
the stringent economic crisis also occasioned calls to re-evaluate the merits of continuing 
science instruction. The very continuance of secondary school science was debated amidst 
concern about its economic costs, and relative to changing educational philosophy. Increased 
emphasis wtis placed on learning biological principles and ordering specific factual concent to 
build toward conceptual understanding as a means of fostering problem solving. In this 
view, curriculum content was best defined in the context of principles and generalizations 
leading to more adaptable curricula and greater consistency with learning theory. 
Psychological principles of learning became more significant as a guide to curriculum design. 
The onset of World War II and the emergence of the "Atomic Age" during the period of 1940 
to 1950 placed a new emphasis on science education as an aid to career development and as a 
practical tool in maintaining national industrial and military strength. Much emphasis was 
given to applied aspects of biology including hygiene, guiding students into joining the ranks 
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of pure and applied scientists, and preparing citizens to be more intelligent and efficient 
consumers. Less emphasis was given to informed curriculum design based on learning 
theory and more focus was placed on philosophy of social reform and the role of science as a 
tool of society. During this period, however, the general biology course continued to gain 
enrollment HunH repons that by 1950 nearly all of the high schools in America offered 
general biology and 21.7% of all high sctKX)l students were enrolled in a biology class. The 
increasing uncertainty about the role of secondary biology education in meeting the 
technological and manpower needs of the nation reached a zenith during the period of 1950* 
1960. The increasing awareness in America that our technological leadership and military 
strength might not be keeping pace with international progress, was jolted into a national 
sense of crisis with tl.j successful launch of the Soviet terrestrial satellite. This sheer fact of 
technological achievement: by a foreign nation, probably more than any other philosophical 
rationale for education reform, led to a massive reassessment of American science education 
at all levels. Within this melange of demands for technological and educational reform, 
secondary school science curricula came under critical scrutiny especially toward making 
them scientifically sound and educationally effective toward ameliorating the perceived 
erosion of American scientific leadership. 

The Biological Sciences Curriculum Study 

The thrust in the biological sciences was vested in the Biological Sciences Curriculum Snidy 
Committee at Boulder Colorado. This Committee, comprising biologists, scientific 
philosophers, and educators at the secondary school and college level, commenced its work 
in 1959 and by the early sixties had produced three major, newly conceived textbooks in 
biology. Each of the texts emphasized a different aspect of biology and were identified by 
code colors. The "Blue Version** emphasized molecular biology, physiology and evolution. 
Subsequently, it was published with the title Biological Science: Molecules to Man 5. The 
"Yellow Version" focused on genetics, evolution and broad aspects of general biological 
education. It was titled Biological Science: An Inquiry Into Life 6. A "Green Venion" 
emphasized ecology, and was published under the title Biological Science: An Ecological 
Approach 

All of the texts were organized around major themes representing current biological 
thought, and particularly embedded in the context of scientific enquiry. The concept of 
"scientific enquiry" was articulated by Schwab^, a philosopher of science, who divided 
scientific epistemology into content and syntax much as a linguist divides language into 
vocabulary and syntax. The syntax of science was viewed as the multi-faceted modes of 
examining naniral phenomena employed by scientists. Schwab, among others, clarified that 
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scientific enquiry is not reducible to a set of rules as often presented in texts under the rubric 
of ''The Scienciric Method"* Rather, enquiry entailed a fluid and dynamic interaction of ihe 
investigator with the opportunities and constraints provided by the context of the enquiry 
including: 1. the qualities of the nati;ral phenomena being investigated, 2. current tools of 
science, and 3. the cognitive skills and knowledge base at that point in history. Thus, 
although many of the steps rigidly codified in the former description of scientific method 
were viewed as valid, the key focus was on creativity and novel ways of employing 
experimental design criteria in addressing scientific research questions. Consequently, the 
texts offered less specific step-wise instructions on scientific enquiry, but provided examples 
of scientific discoveries and processes usually embedded in an historical context Moreover, 
Schwab decried the format of contemporary t<^xts that in his view presented scientific 
information as a "'rhetoric of conclusions. The content of science was rendered as a litany 
of conclusive statements that approximated a list of unalterable truths. This in Schwab's 
view, and apparendy also that of die BSCS Committee, implied that science was unchanging 
and engendered a belief system that science is a body of truth and not a dynamic evolving 
system of knowledge and methods of investigation. To ameliorate this oversight, the BSCS, 
text writcn set forth to embed all content in an enquiry content while stabilizing the 
information within a matrix of content themes that were intended to provide continuity of 
ideas. 

In addition to the Enquiry theme, the remaining "content-based*' themes and sub- 
themes (indicated by indentation) included^: 

1. Change of living things through time exemplified by evolution 

2. Diversity of type and unity of pattern in living things - an 

emphasis on variations among taxa unified around 
common patterns of biological function. 

3. The genetic continuity of life - focusing on the mode of 
hereditary transmission and its variation over 
geological time resulting from natural selection. 

4. The complementarity of organism and environment - the mutual 
interaction of abiotic and biotic factors in the environment with 
developmental and behavioral responses of the individual 
organism. 

5. The biological roots of behavior - relating organismic 
and group behavior to genetic and physiological 
variables. 
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6. The complementarity of struciurc and function • the mutual 

interaction of form and dynamics in biological systems with an 
emphasis on the ways structure and function can be deduced by 
examination of living systems. 

7. Regulation and homeostasis: preservation of life in the face of 

change - a systems view of life based on feedback mechanisms 
and regulatory functions such as the role of growth substances 
and hormones. 

8. The history of biological conceptions - an historico-philosophical 

analysis of the development of biology as a field of enquiry. 
These themes were further aipplified within a content hierarchy representing 
increasing inclusiveness of biological phenomena: 

1. Molecular - the atomic, molecular, and physico-chemical bases of 

biological phenomena. 

2. Cellular - the form and function of cells as the fundamental unit of 

living things. 

3. Tissue - the structure and function of groOps of cells having a 

common embiyological origin and serving a "specific set of 
biological functions. 

4. Organ - the organization and role of organs as function-specific 

groups of tissues. 
5 Systems - the coordinated and munially interactive roles of origans 
in maintaining the stable life processes of a healthy organism. 

6. Organism - the individual of a species as a biological structural 

functional unit taken as an entity or as a component within a 
broader ecological system. 

7. Population - all individuals of a given species within a defined 

environmental domain. 

8. Communities - interacting groups of species (populations) living 

within a given environmental habitat and forming a 
recognizable unit of ecological structure and function. 

9. Ecosystems - large-scale environmental systems consisting of 

communities adapted to a particular abiotic environment 
10. Biomes - major climatic and geographic regions of the world 
characterized by some uniformity in ecosystem composition; 
hence, large scale habitats and their life forms. 
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Whether these themes vvere developed sufficiently explicitly in the texts to serve as 
clear organizing perspectives for most secondary school students remains to be determined 
The implicit guiding principles of the themes are readily identifiable by mature readers of the 
texts, but to my knowledge no one has adequately assessed whether "typical secondary 
school students'* axe able to cognitively grasp the continuity of the themes and use them as an 
aid during knowledge construction while reading the texts. It is of interest to note that 
Arnold Grobman, who was the initial Director of the BSCS Committee, states that "Whether 
this course should be prepared for the tenth-grade level, where biology usually is offered in 
American schools, or for some other grade level, was not debated seriously by the BSCS. 
The Steering Committee ^elt that placement of subject matter courses at different grade levels 
involves considerations beyo. 1 those of the specific competence of a group of biologists and 
educators and requires the attention of a much more diverse cross-section of American 
Society —10/ jj^is apparent reticence to clearly specify the target audience for the 
innovative texts may have been an unfortunate oversight Given the complexity of the 
"enquiry" concepts to be communicated and the rich weave of sometimes tacit themes that 
characterize parts of the texts, some additional attention \d the cognitive developmental level 
of the target audience may have been useful in designing the texts and ancillary curricular 
materials. Amidst the diversity of students enrolled in many American secondary school 
biology classes, the differences in cognitive development betw :cn the tenth and twelfth grade 
can be substantial. Moreover, even within the period of time encompassing the tenth grade, 
detectable cognitive growth can occur; and insaiiction should be carefully organized and 
sequenced to complement and enhance this intellectual maturation. According to Piagetian 
theory and other cognitive models, this is period of transition when some students enter a 
phase of advanced formal logical reasoning capacity. However, there are wide individual 
differences in the pace and level of formal operational thought acquired during adolescence 
and young adulthood. Secondary school curricula should be designed with careful attention 
to this variance. In many respects, the BSCS group set out to make radical departures from 
existing practice and it is difficult to know to what extent they benefitted by application of 
some established principles of curriculum design. 

For example as early as 1949 Tyler^^ proposed a seven-step plan for analyzing the 
many elements that go into curriculum planning and their integration into a sound curriculum 
model. This plan has been succinctly summarized and related to modern aspects of 
curriculum design in subsequent publications^^ brief summary, die seven steps entail: 1 . 
assessment of student interests and characteristics, 2. identification of societal problems and 
trends, 3. die standard disciplines are sy^vhesizcd so as to delineate the information of 
greatest worth, 4. the objectives identified in the foregoing steps are joined in a cohesive 
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statement of aims, 5. the curriculum designer's particular conception of instructional goals is 
used as a kind of filter to reHne selected objectives, 6. objectives are further examined for 
feasibility in the light of current learning theory, and lastly 7. a coherent sequence of 
h^struction is assembled by arranging the objectives into an orderly pattern of educational 
experiences. It is particularly noteworthy that both steps 1 and 6 make explicit point of 
understanding the potentialities and limitations of the learner by direct assessment and in 
relation to current learning theory, in addition to undentanding the socio*cultural dimensions 
that frame the environment for a curriculum innovation. 

It is clear that the BSCS Committee made an earnest efFon to understand the historical, 
cultural and scientific origins of their effort Schwab^3 describes three phases in the 
historical development of the American science textbook, commencing with about 1890. 
During the fint phase lasting until ca. 1929, the basic format of the American textbook was 
established. It largely was a compilation of factual information required for college 
preparation, and in a format typical of college content, but in a slighUy modified form to 
accommodate the maturational level of the reader. In spite of the heterogeneity of secondary 
school students and their manifestly diversified career goals, the textbooks provided littie 
content texture to acconmnodate the prospective liberally educated laymen as well as the 
coilege-bound specialist in the fielA The curriculum material was drawn largely from the 
traditional academic disciplines: mathematics, the sc .^nces, Latin, literature, history, and 
English. Although Schwab decries the list-like compUation of factual information presented 
in the texts, he is quick to acknowledge the merits of extant biology texts: ''They may have 
been a morass of isolated facts and primitive generalizations, but they came closer to being 
the 'right" facts and generalizations for the biology of the time than we were to see in the next 
phase of Americaii science education." In the second phase from ca. 1929-1957 the 
textbooks were modified to take intc account the diversity of clientele in the secondary 
school, and although the earlier textbooks were extensively but not fundamentally modified, 
the changes and elaborations were in Schwab's view at the expense of the best feature of the 
earlier model - its clear validity in correspondence with the state of the originating science. 
To exemplify his point of the alienation of textbook content from the originating science, 
Schwab cites evidence that among the textbook writers in 1915, better that 50% were in the 
roster of merican Men of Science , but by 1955, the figure had dropped to less than 10%. 
The third phase commencing in 1958, including the period of the BSCS effort, was intended 
to merge the best insights from practicing biologists with those of educational practitioners 
toward a truly comprehensive renovation of secondary school biology texts that would be 
both scientifically authoritative and educationally sound. It was particularly hoped that the 
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laboratory courses* to permit students to progress at an academic pace appropriate to their 
level of development and to allow greater flexibility in pursuing divergent lines of 
investigation within the ran'^e of options provided in the auto-tutorial suite of activities^''. In 
recent years* the potentials for individualized, high level inquiry learning have been 
dramatically increased by the introduction of computerized instruction. But at present, much 
of the power of these instruments for flexible* programmatic network-based, interactive 
learning appears to be poorly exploited. The potential to analyze students knowledge 
structures, assist them in evaluating ways to improve their information processing skills* 
update and extend their knowledge networks, and amplify the generality of knowledge by 
application to diverse problem-solving contexts has not been fully developed. Much 
additional research and innovative product development is needed to more fully realize the 
interactive capacity of computer-based instruction. This is especially noteworthy with 
respect to the development of programs that flexibly adapt to the students* interests, their 
unique information processing styles, and their diversified enquiry strategies, as has been 
recommended by science educators to improve modem science curricula. 

The current status of cv.riculum organizadon in th>2 United States including kind of. 
" content, cogritivc/practical objectives of instruction, and the categories of inquiry skills 
spccified-in American science programs at the fifth, ninth and twelfth grades has been 
summarized by Nfiller^^. The data were compiled from state curricular guidelines, classroom 
texts, and the firxlings of national studies. She found that there are overlapping simUarities in 
the kind of content presented and the range of skiills required at all three grade levels, 
particularly in the science curricula intended for general (non-science career) students. In 
general, the instructional objectives for basic science process skills, including knowledge of 
inquiry processes, comprehension, observation, and laboratory skills were emphasized more 
than the coverage of science content, further augmenting the conclusion that there is a general 
trend toward greater emphasis on process skills in science curricula as compared to 
knowledge stnicnires. The legacy of the philosophy of the BSCS innovators, especially the 
strident call for more emphasis on **enquiry activities** in learning, and programmatic 
emphasis on the development of scientific reasoning skills, has had a clear effect beyond the 
texts prepared by the Committee. An examination of many current textbooks, some that 
originated in the second phase of American textbook history as outlined by Schwab, reveals 
greater emphasis on the history of science, investigative methodologies, more open-ended 
laboratory experiences, and greater opportunity for snidents to develop critical thinking skills 
and autonomy in rational, ordered thought Increasingly, general biology texts are being 
written by teams of scholars rather than by single or multiple authors, funher reflecting the 
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laboratory courses* to permit students to progress at an academic pace appropriate to their 
level of development and to allow greater flexibility in pursuing divergent lines of 
investigation within the ran'^e of options provided in the auto-tutorial suite of activities^''. In 
recent years* the potentials for individualized, high level inquiry learning have been 
dramatically increased by the introduction of computerized instruction. But at present, much 
of the power of these instruments for flexible* programmatic network-based, interactive 
learning appears to be poorly exploited. The potential to analyze students knowledge 
structures, assist them in evaluating ways to improve their information processing skills* 
update and extend their knowledge networks, and amplify the generality of knowledge by 
application to diverse problem-solving contexts has not been fully developed. Much 
additional research and innovative product development is needed to more fully realize the 
interactive capacity of computer-based instruction. This is especially noteworthy with 
respect to the development of programs that flexibly adapt to the students* interests, their 
unique information processing styles, and their diversified enquiry strategies, as has been 
recommended by science educators to improve modem science curricula. 

The current status of cv.riculum organizadon in th>2 United States including kind of. 
" content, cogritivc/practical objectives of instruction, and the categories of inquiry skills 
spccified-in American science programs at the fifth, ninth and twelfth grades has been 
summarized by Nfiller^^. The data were compiled from state curricular guidelines, classroom 
texts, and the firxlings of national studies. She found that there are overlapping simUarities in 
the kind of content presented and the range of skiills required at all three grade levels, 
particularly in the science curricula intended for general (non-science career) students. In 
general, the instructional objectives for basic science process skills, including knowledge of 
inquiry processes, comprehension, observation, and laboratory skills were emphasized more 
than the coverage of science content, further augmenting the conclusion that there is a general 
trend toward greater emphasis on process skills in science curricula as compared to 
knowledge stnicnires. The legacy of the philosophy of the BSCS innovators, especially the 
strident call for more emphasis on **enquiry activities** in learning, and programmatic 
emphasis on the development of scientific reasoning skills, has had a clear effect beyond the 
texts prepared by the Committee. An examination of many current textbooks, some that 
originated in the second phase of American textbook history as outlined by Schwab, reveals 
greater emphasis on the history of science, investigative methodologies, more open-ended 
laboratory experiences, and greater opportunity for snidents to develop critical thinking skills 
and autonomy in rational, ordered thought Increasingly, general biology texts are being 
written by teams of scholars rather than by single or multiple authors, funher reflecting the 
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trend to combine scientific accuracy with practical insight contributed by practitioners who 
may understand the intellectual skills of secondary school students. 

Some Analyses of Biology Textbook Content 

As an aid in undentanding the major content themes in some current secondary school 
biology texts, and as a resource to be used subsequendy in evaluating the representativeness 
of some biology test items used by the Second International Science Study examiners, a 
comparative summary of some textbook content is presented in Fi^js. 2.1 to 2.4^9-21^ xhese 
are matrices (e.g. Fig. 2.1) containing cells showing the number of pages devoted to given 
topics. The cells arc categorized in rows by levels of biological organization (including 
scientific inquiry), and in columns according to biological content represented by taxonomic 
kingdoms (Monera, Protista, Fungi, Plantae, and Animalia). In coding the textbooks, only 
the expository content was considered. Questions at the end of the chapters and pictorial 
content were not given separate attention. Each page of text was examined and an overall 
judgement rendered as to the major emphasis of the content This was based in so far as 
possible on the amount of space on the page devoted to the topic, not on the apparent 
emphasis based on the arguments presented in the text. While there arc many suitable texts 
that could have been analyzed in this comparative survey, three were chosen to represent a 
moderately middle-ground or typical modem biology secondary school text The BSCS 
"Yellow- Version," titled Biological Science an Inquiry into Life, is perhaps the most general 
of the three BSCS texts and is one of the more widely used BSCS books. The Modern 
Biology book is a long-established secondary school text that has been substantially 
modemized in recent versions. The text titled Biology authored by Oram was chosen since 
it 2^>pearcd to be a general biology text of moderate difficulty. The relative breadth of content 
varies considerably across the three selected texts (Figs. 2.2 to 2.4). Although the coding 
chart has been used solely to record the number of pages devoted to each topic, it is also 
possible to use the chan to enter the number of higher level thought questions or other 
process-dimension items detected in the text. It has also been used in this siudy to classify 
test items into categories for further analysis (see Chapter Two). All of the coding of texts 
and questions was done by the author. 

Figures 2.1 and 2.2 Outline of Coding Form (2.1) and Coded Chart for BSCS 
Textbook (2.2). Cyan.« Cyanobacteria, Eub.« Eubacteria, Alg.= Algae, Prot2.= Protozoa, 
N.Vs. « Nonvascular, Vs = Vascular, Inv. = Invenebrate, Hu « Human. General 
represents content spanning across two or more Kingdoms. The number of pages that 
addn>ss each topic are entered in each cell of the chan. The box labelled Source at the 
upper left-hand comer contains the tide of the book analyzed. (On Continuing Pages). 
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Figure 2.1 Outline of Coding Form 
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Figure 2.2 Coded Chan for BSCS Textbook 
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The BSCS "Yellow-Version" text (Fig. 2.2) is more focused than the other texts, as 
would be expected, since the BSCS writers aimed to produce a text with a distinctive 
thematic focus. For example, the major points of emphases, based on pages allocated to 
topics, appear to be in general areas of plant and animal organismic biology, especially 
ontogenetic development and genetics. A substantial amount of emphasis is also given to 
systematics and evolution with substantial pages devoted to animal biology. Within this 
coding scheme, much of the molecular and cellular information was presented in a general 
context with comparative data among major biological taxa rather than clearly focused on one 
or more individual taxa. As is consistent with the aims of the BSCS writing group, a 
substantial number of pages were tallied for scientific methodology (ca. 50). As a simple 
quantitative index of diversity, the following formula was applied. D = 1 - [ (N - n)/ N ]; 
where D is the diversity index. N is the total number of pages coded, and n is the number of 
cells in the coding matrix that contains tallies. The value of D is 1.0 if N = n. It approaches 
zero as n becomes very small compared to N. The coefficient does not take into account 
density of tallies within cells in the matrix only the degree of dispersal of codes in the cells. 
However, it is sufficiendy refined for the purposes of this analysis. The value of the index 
for the BSCS "Yellow Version** is D = 0.09. As ruentioned above, based on this coding 
scheme, the BSCS text is clearly focused within major content areas. Fifty-nine cells were 
entered in the coding matrix (Fig. 2.2). Since the number of pages coded exceeds the number 
of cells in the matrix, the maximum diversity coefficient that could be generated is D = 0.73. 
Therefore, the ratio of the observed to maximum value is reported, i.e. 0.09A).73 = 0.12. 
Thus, 12% of the maximum possible diversity is realized. 

Modern Biology by Ono et al. (Fig. 2.3) shows greater diversity of content than the 
BSCS "Yellow- Version" based on this coding scheme. There are n ore pages with 
information on diverse taxonomic groups, especially at the organismic level. In terms of 
detectable content per page, there appears to be less emphasis on genetics, but only slighdy 
more taxon-specific information at the molecular and cellular levels. There are, however, 
fewer pages expliciUy devoted to issues of scientific methodology. Ninety-three cells were 
entered in the coding matrix; and D = 0.15, indicating quantitatively a greater diversity in 
emphases than in the BSCS text. Given a maximum diversity of D = 0.74 for this text, the 
proportion of the observed to maximum value is 0.15/0.74 = 0.20, or 20% of maximum 
possible diversity. 

Figure 2.3 Coded Chart for the Modern Biology Textbook (On Continuing Page). 
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Figure 2.3 Coded Oiart for the Modern Biology Textbook 
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To a substantial degree, the third text Biology (Fig. 2.4) yields a pattern of coded 
pages very much like that of the Modern Biology text (Fig. 2.3). Ninety-five cells were 
entered in the matrix compared to 94 for the Modern Biology text The diversity coefficient 
is D = 0.16. Based on the total pages coded, the maximum diversity value that could be 
generated is D = 0.76. The ratio of observed to total diversity is 0A6/0J6 = 0.21 (21% of 
maximum possible diversity). This value is very similar to text number 2 and more diverse 
than the value of 0.12 generated for the BSCS text 

Although this coding scheme is useful in mapping the distribution of biological ideas 
in a textbook, it cannot reveal differences in other significant parameters such as 1. style of 
writing and level of difficulty of the narrative, 2. development of themes; 3. continuity in, 
and logical rationality of, scientific arguments; and 4. the quality and abundance of higher 
order thought questions displayed in the text or in the chapter summaries. These issues are 
certainly of profound importance in judging the total characteristics of the texts. The matrices 
in Figs, 2.2-2.4 are intended only as profiles of emphasis in content. Furthermore, the full 
range of content emphasis was :vot determined by this application, since the unit of analysis 
was the page and its major content theme. Each page was examined and the content coded, 
based on the dominant theme in the narrative. No page was coded in more than one 
category. Thus, the coding is conservative and some references to major categories in the 
matrix may be under-represented by this parsimonious coding method When coded by this 
method, the matrices provide only a general profile of content emphasis in some modem 
secondary biology textbooks. A finer analysis could be rendered by using a smaller unit 
such as the paragraph. This, undoubtedly, /ould resolve much finer texnial variations. The 
present application was based on non-overlapping page counts; therefore, it was not possible 
to code a page more than once, even when several possible content categories were 
detectable. The paragraph unit of analysis is recommended for these finer discriminations. 
Finally, these content anal^ .s are not intended to be, nor is it recommended that they be 
employed as, criteria forjudging the quality of the texts. No judgement of merit is implied 
by tile analyses. Other sources of information are available containing criteria for, and 
reports on, evaluation of textbook organization and quality22-24 

While creative insights in curriculum design and textbook production are significant 
factors determining the composition and efficacy of American biological education, results of 
modem research studies hold increasing promise as sources of information to guide 
development of effective and efficient fuwre biology educational experiences. Some 
pertinent current research findings in biological education are summarized in the next chapter 
as a broader context for die analyses of the recent findings of the SISS survey. 
Figure 2.4 Coding Chan for the Biology textbook (On Continuing Page). 
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Source: Oram 
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Chapter Three 
STUDIES ON BIOLOGY ACHIEVEMENT 

Introduction 

Some pertinent, recent investigations of secondary school biology achievement are 
summarized here as background information for the analyses and discussion of the SISS 
findings presented in the final two chapters. Critical reviews of recent research on science 
teaching and learning have been published annually since 1973 in the journal Science 
Education C'8-1'2, and elsewhere in other scholarly publications such z.^ Journal of Research 
in Science Teaching «-8-3^ or those distributed by Science Mathematics, and the Science, 
Mathematics, Environmental Center (ERIQ at Columbus, Ohio. This review is not intended 
to duplicate these contributions, nor to provide a comprehensive analysis of current science 
education research in a critical perspective. Rather, this review will largely focus on the 
relationship of instructional strategies and classroom learmng environments to biological 
literacy, including current studies of concept acquisition and the role of students' 
conceptions and misconceptions in biology learning. 

Instructional Variables and Biological Literacy 
Knowledge and Skill Acquisition. 
The changing conceptions of how students learn science have consistently tended in recent 
years toward an information-processing or cognitive-constructionist model. This perspective 
assumes that students acquire new information by an active process of reorganizing 
information to make it compatible with existing knowledge structures. During this process, 
prior knowledge is mobilized, and by application of information processing strategies, both 
existing knowledge and incoming new information are modified to increase their 
compatibility and associational stability in memory^'5. Jq some degree, the information 
processing strategies are similar among individuals, especially for individuals of the same 
linguistic communicy, rmilar cultural heritage and educational background. In the absence of 
substantial similarities in the knowledge structures of smdcnts based on long-term learning, it 
is possible for the instructor to mobilize organizing constructs from recent common points in 
learning, or to create new models and ^'organizing schemas,'* that provide a common 
cognitive framework for building additional knowledge associations^'^. Furthermore, some 
similarities in learning strategies across individuals may be explained by common human 
species-specific hereditary factors that determine neurocognitive processes mediating 
primary perception and fundamental mechanisms of encoding new information^. However, 
increasing evidence also indicates that during mauiration, learners acquire unique or 
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idiosyncratic modes of information acquisition. In some cases, these "personal" strategies 
accrued during encultxirarion, though diverse across individuals, are equally effective for 
cenain kinds of problem solving tasks. But, in some cases they may be very inefficient or 
even debilitating if they are of limited applicability or reinforce misconceptions. 

A substantial amount of research in recent years has been directed toward 
understanding variations in information processing modes among different individuals when 
given similar learning tasks. In some cases the subjects are asked to repon aloud what they 
arc thinking as they proceed through problems or analyze information they are to learn. 
Consequently, insights are gained into the varied ways individuals approach information 
processing tasks. These studies can also elucidate what strategies are moit effective in a 
given learning context and how individuals can improve their strategies to bitter assimilate 
and order information in memory to make it available for use in problem-solving or other 
generative applications^- In some cases, researchers adopt a particular research 
perspective or theoretical model to guide their inquiry, sometimes to the exclusion of other 
viewpoints. While such a pointed perspective can provide an orderly accumulation of 
knowledge within a research paradigm, in practical applications during curriculum design and 
planning for instruction, it is wise to consider a broad base of current tiieories. It is unlikely 
that a given psychological model is sufficientiy comprehensive to pro\ndc insight into the 
multi-faceted requirements of designing a truly liberal learning experience. This includes 
adequate appreciation for multiple ways students of varying chronological age and intellectual 
maturity acquire information during varied modes of instruction; i.e. verbal communication, 
various forms of discovery learning and laboratory-based instruction. Moreover, the creative 
instructor r^iy choose one of varied learning strategies to meet tiie joint requirements 
imposed by the logic of the content and the cognitive level of the learners. These strategies 
may include reception learning (e.g. oral commuricatcd content), discovery or inquiry 
learning, problem-solving experiences, and otiier open-ended instructional approaches. The 
temporal placement and duration of these activities should be arranged to meet tiie manifold 
requirements of the students' background, quality and quantity of information to be acquired, 
logical constraints of the content, and educational history of the learner. A clear 
understanding of the student's prior knowledge structure, including major anchoring ideas in 
memory, intellectual skills available to transform and interrelate information, and degree of 
inter-connectedness of information in memory, is useful in making curriculum experiences 
more meaningful. 

In large measure, information processing paradigms have emphasized the importance 
of helping students develop and refine their unique strategies of information processing and 
scientific reasoning skills toward enhancement of their panicular psycho-linguistic 
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educational heritage, and improvement of their ability to adapt to future learning 
environments. These studies have been summarized in current theoretical papers and 
research reviews^2-i5. For example, biology students who were taught to study information 
in quantities that complemented their cognitive processing capacity (CPC) and to chunk these 
quantities together in a study outline or .^ram format (i.e. to categorize incoming 
information into assimilatable related uniu .^formed better compared to a control group. 
Moreover, correlations between CPC sc^. i^: : I biology unit test scores accounted for 46% 
to 82% of the variance in the control group's biology test scores indicating the power of this 
variable in accounting for acquisition of some typical biology information^^. Various 
strategies have been evaluated to improve the level of student col .ptualization in biology 
learning including: 1. the use of concept maps as organizing frame woiics to order and clearly 
delineate multiple relationships among conceptualizations in teaching junior high school and 
secondary school science. Concept ma^s were also examined as an aid to teaching biology in 
inner city schools^^; in this case, no statistically signific?nt improvement was found, 2. the 
interaction of concepnial connectedness of information presented to students with their locus 
of control (internal decision-making referent systems versus external posited sources of. 
control) and its effects on higher order knowledge acquisition in biology and 3. the effects 
of sequentially increasing the demands for independent judgement during a semester of 
laboratory exercises on acquisition of laboratory concepts in biology ^9. With respea to locus 
of control, externally oriented ytf dents benefitted from the presentation of information in a 
connected framework (concept map foiinat) compared to controls, but inner-directed students 
were not dependent on this external organizing strategy. In general, some teachers achieve 
significant gains in laboratory concept attainment with the strategy of increasing demands for 
independent judgement, but the results were not uniform. This suggests that as often occurs 
in studies of subde teaching strategies, the interaction of the method with other teacher 
characteristics can be significant in determining the success or failure of the intervention. 

The management functions of the teacher, especially skills in matching content 
quality and quantity to student level of cognitive development, appear to be a major factor in 
determining success of biological instruction in more abstract or formal kinds of learning. In 
an analysis of generics teaching using comparative case study techniques, the following 
management functions appeared to account for much of the success or failure of the students 
in mastering the content^O: i. the skill of the instructor in translating their knowledge of the 
content and curriculum into learning tasks that match the cognitive demands of the learners, 
2. the instructor's efficiency in managing learning tasks and coordinating student activities to 
maximize curricular aims, 3. ability in rendering decisions C '^x enhance die learning of the 
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content, and 4. use of strategies to ensure that students have ample opponunity to acquire 
genetics information at a conceptual level. 

Among other variables characterizing classroom climate or ambience, the gender of 
the teacher may influence the student perceptions of classroom processes. Lawrenz and 
Welch^l repon that students perceive classes taught by females as more formal, more goal 
directed, more diverse and as having more instances of teacher favoritism and friction 
between students. Classes taught by males were perceived as more difficult Some of these 
differences in perceptions of male and female teachers may be explained by differences in the 
personality and content sophistication of the tv;o groups. In a previous survey22, female 
teachers were shown to be more positive in their attitudes towards science and more receptive 
to change, while male teachers scored higher on content knowledge. Hence, classes taught 
by males may be viewed as more difficult because of their stronger academic preparation in 
the science field, whereas, female teachers are perceived as more diverse due to their 
receptivity to change. 

In addition to classroom climate, the mode of verbal interaction of the teacher, 
whether direct or indirect, influences student information sharing and knowledge gains. 
Students in an indirect teacher*guided group achieved better ^oid participated more in class 
activities than students in a direct group23 In general, teacher behavior that provides 
opportunities for students to define the direction of discussion, allows opportunity for 
student reflective thought during classroom dialogue, especially after higher level questions 
are raised, tends to favor higher order information processing and development of scientific 
thinking skills24-26. 

Acquisition of Scientific Thinking Skills 
The students' efficiency in learning scientific Lhinking skills is influenced by their 
level of intellectual maturation (formal thinking ci^acity) as assessed by Piagetian measures. 
In a thorough and interesting review of current research on formal reasoning and science 
teaching, Lawson^? concludes: 1. the Piagetian level of the student is a significant factor in 
determining their efficiency in acquiring higher order scientific reasoning skills; however, 2. 
performance on formal reasoning tasks can be substantially enhanced by appropriate focused 
teaching strategies to help the student develop specific skills, and 3. The extent to which the 
training transfers to novel problems and contexts and even to novel reasoning patterns 
depends upon the length and richness of the training and the extent to which children are 
intcllecmally in control of their own actions." PadiUa et aL^* showed, moreover, that science 
process skills are closely correlated with formal thinking abilities (r = 0.73) and that teaching 
students process skills may influence their formal thinking capacity. In a study of the 
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interrelationship among laboratory process skills during inquiry learning in secondary school 
biology, Tamir and Amir^^ reported that seven factors can account for performance on a 
twenty-one item laboratory inquiry skills test These are in descending order of predictive 
power: (. handling quantitative relationships, 2. explaining and assessing data, 3. 
conceptualizing and planning investigations, 4. summarizing results, 5. interpreting and 
concluding, 6. selecting form of presenting findings, and 7. designing experiments. The 
composite findings suggest some interesting practical and theoretical implications based on 
the associative links among the factors in cognitive structure. For example processes that 
previously were thought to be closely related such as conceptualizing investigations and 
designing experiments appear to involve different and, to a large measure, independent skills. 
This suggests that students who are highly skilled in the technical aspects of designing 
experiments including such critical factors as specification of treatments and varying 
independent variables, may not be skilled in highly abstract processes such as formulating 
problems and hypotheses that constitute the conceptual bases for the experiments. A similar 
distinction was found between drawing conclusions and interpreting data versus explaining 
and critical assessment of data. Tamir and Amir conclude that while the first pair involves 
relatively low level reasoning, the second requires abstract thinking combined with the ability 
to integrate and apply prior knowledge. In general, the findings suggest that these several 
independent factors require specialized attention if students arc to develop inquiry skills, and 
they cannot be expected to accrue simply by unreflective manipulation of laboratory 
equipment 

Among the more formal skills that characterize literacy in biological education, 
hypothesis formation and testing is clearly fundamental to critical use of enquiry skills. 
Moshman and Thompson^© concluded that the development of hypothesis-testing 
competencies can be conceptualized in terms of six discrete sequences, involving: 1. 
interpretation of the hypothesis; 2. making a distinction between using theories and testing 
theories; 3. recognizing that there may be multiple possibilities in seeking data to test the 
hypothesis; 4. differentiating between theory and data; 5. recognizing the merits of seeking 
evidence that falisfies as well as verifies the hypothesis; and 6. understanding the relation of 
truth and falsity in testing hypotheses. The latter distinction is often overlooked even by 
some college students who seem to see truth and falsity as symmetrical opposiies, rather than 
understanding that a single falsification of a hypothesis has greater decision value than a 
single point of verification. Apparently, this lack of distinction may arise from an incomplete 
appreciation of the complexity of most natural phenomena and the variation in results of tests 
that one may encounter across widely different testing contexts. The development of more 
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sophisticated strategies in testing hypotheses relative to these six categories appears to be 
related to cognitive maturity, especially the level of formal thought. 

In a survey study of 649 students spanning Icindergarten to grade 12, Lawson and 
Hegebush^^ examined causal hypothesis testing strategies of the subjects in relation to their 
chronological age and probable Piagetian cognitive level They presented students a puzzle 
picture of a natural setting containing two trees on a grassy plane, one tree was surrounded 
by grass cover, the other with barren ground under its leaf canopy. The following questions 
were investigated: At what ages are students ^ole to make observations of the son called 
for in the Trees Puzzle and raise the appropriate causal question? 2. At what ages are 
students able to generate causal hypotheses? 3. Once causal hypotheses are generated, what 
sorts of strategies do students use to test them? and 4. What changes in strategies occur 
across age?** 

The percentage of students who generated a causal question when presented with the 
picture puzzle ranged from 10% in grade K, 40% in grade 4, 66% in grade 6 up to 84% and 
54% respectively in grades 10 and 12. Thesr data suggested that the steady increase with age 
of students who were able to generate causal questions is related to increasing general, 
awareness of cause-effect relations, which is a likely prerequisite for the development of 
effective hypothesis testing strategies. These data, moreover, may clarify why effective 
strategies for hypothesis testing develop in most individuals at about the time of adolescence 
or not at ^Jl for some individuals. In general, ability in generating hypotheses improved 
across grade levels and the quality of strategies for testing hypotheses generally improved 
markedly after the sixth grade. The percentage of students who proposed methods of direct 
observation tor testing tiieir hypotheses increased from ca. 5% in kinderganen, to 44% and 
57% respectively in grades 10 and 12. The use of formal logical reasoning strategies 
increased markedly after the sixth grade, but less than 30% of the twelfth grade students in 
the sample were able to propose a scientifically reasonable method for testing their ideas. 
This is consistent with other Piagetian-type studies that show many secondary school 
students are still concrete operational with respect to many thought processes charactcnstic of 
more advanced science and may limit their capacity to efficiendy acquire advanced science 
process skills over relatively shon instructional intervals. 

In a more general view, the question arises as to how much change in science process 
thinking skills can be expected to occur within a period of one academic year of biological 
instruction. Early in the development of the BSCS program, a "Process of Science Test" 
was constructed and formally evaluated with 28,173 secondar>' school students32 This forty 
item test contained questions on interpreting tabular data and graphs, designing controlled 
experiments, identifying significant from insignificant or invalid findings based on brief 
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summaries of experiments, and distinguishing between scientific versus non-scientific ways 
of explaining phenomena. After one year of biological instruction in the tenth grade, the gain 
in mean score on the test was from 22.0 to 26.1. Furthermore in a comparison of students 
who used BSCS materials compared to control groups who received ''non-BSCS materials," 
the imdal score on the science for the BSCS group was 22.1 and the final mean score at the 
end of the year was 26.4. This is compared to a change from 21.8 to 24.4 for the control 
group. Thus, even with a moderately intensified program for inquiry teaching in biology at 
the tenth grade level, the gains as assessed by this kind of test may no? be dramatic. 
However, this study was done as part of the test validation, aiid further analyses of this kind 
with large groups are needed to determine the generality of the conclusions. More 
particularly, investigations of the affects of inquiry teaching on specific scientific skills, 
rather than the more general scientific literacy represented by the BSCS test, may be helpful 
in delineating areas of most efficient cognitive growth. 

Some additional science process tests^^^^ have appeared in recent years and may be 
more appropriate for assessing specific areas of growth in scientific reasoning. These 
include tests of integrated science process skills that span across scientific disciplines,, 
encompassing questions that test for abilities in interpreting graphs, evaluating hypotheses, 
understanding a research question, and selecting strategies to answer it In relation to the 
model of scientific literacy presented in Fig. 1.1 of this monograph, some of the items 
approximate psycho-linguistic competencies approaching categories IE and IF. It is difficult 
to judge, however, to what extent some of the more advanced questions approximate the 
most elaborate form of hteracy mapped in quadrant IV of the model. This is due in large pan 
to the fact that the tests are of a paper and pencil type and do not permit the kind of dialogue 
suggested by the highest level of literacy indicated in quadrant IV. Other recent tests, 
suitable for assessing biological literacy, address more specific science reasoning skills as 
represented by a group test of formal operational logic in the content area of environmental 
science^fi. Although scientific process skills have occupied much recent attention in 
biological education, the role of higher order knowledge strucmres in learning biology and 
the role of smdents* accurate conceptualizations and misconceptions in learning has assumed 
increasing miportance. 

Biology Students' Conceptions and Misconceptions 
Considerable attention has been directed to the possible enabling effects of students' 
higWy-coordinated, accurate conceptualizations on biology learning as opposed to 
misconceptions that may debilitate or hinder further leaming«-8- 37,38. xhe quantity of verbal 
material to be mastered in science, especially the rich vocabulary in the biological sciences. 
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presents an ironic dilemma. On the one hand, mastery of highly developed and inclusive 
concepts in the life sciences can provide a knowledge structure that mediates enhanced 
sensitivity to and cognitive representation of natural phenomena. Clearly, however, an over 
emphasis on rote learning of numerous isolated facts and concepts can vitiate the organizing 
capacity othenvise mediated by a well-organized network of conceptions. Some balance is 
required to ensure that middle and secondary school biology students benefit from the 
challenge of mastering a wide range of conceptual phenomena at a time in their development 
when perceptual acuities and seminal knowledge structures are developing. In the physical 
sciences, some misconceptions that interfere with further learning appear to arise from naive 
assumptions gained during early childhood. Therefore, the question arises tc what extent 
biological misconceptions also may be rooted in early educational experiences^'. Unlike the 
physical sciences, it appears that acquisition of biological conceptions follows a natural 
accretion pattern whereby knowledge structures are built-up under the guidance of teachers 
who mediate interpretations of the biological phenomena. Hence, there are less likely to be 
deeply rooted biases about how biological phenomena occur by the time students arrive at the 
secondary school level. Nonetheless, "conceptual change teaching strategies" are. 
undoubtedly beneficial throughout the course of schooling to provoke students to reconsider 
in depth how they are organizing conceptual explanations. Moreover, poorly formed 
conceptions, and limited understanding of cognate concepts from the chemical and physical 
sciences, may interfere with learning of physico-chemical and mathematically based concepts 
in biology. 

Given the diverse array of concepts to be mastered in science, especially biology, and 
the number and complexity of terms to be acquired. Yager and Yagei^O examined the 
maturation of 9-, 13-, and 17-year-old smdents' understanding of eight science terms during 
their progress through middle and secondary school in a midwestem school district. The 
terms were volume, organism, motion, energy, molecule, cell, enzyme, and fossil. Four of 
the terms were from the physical sciences, four were from biology and one was possibly also 
categorized as an earth science concept. With three of the eight terms, 9-yc*ar olds were as 
knowledgeable as 17-year old students. For the remaining five terms, increasing mastery 
was attributed to increasing student abilities to read, increases in student experiences with 
school science and testing procedures, maturation and development of reasoning across 
grades, and the relative emphasis of science content/terminology for the various age levels. 
Although these grade level comparisons show litde effect of instruction on improvement from 
intermediate to high school levels, there is some evidence that there is a direct relationship 
between concept emphasis in secondary school biology textbooks and concept achievement 
level'^^ This suggests that focal emphasis on development of concepts within a grade level 
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may be efficacious even though more general concept learning is less pronounced across 
broad grade levels. In general, these findings are also consistent with earlier reports of linle 
growth in scientific conceptual literacy across grade levels in the secondary schooH^^ on the 
whole, there is more marked progress from 9 years to 13 years of age suggesting possible 
contributions of cognitive maturation as the students progress beyond the concrete level^^. 

In a similar analysis, intermediate school and junior high school (grades 3 to 9) 
student's conceptualization of the meaning of living and nonliving was examined using 
Piagetian concepts^. Piaget identified four stages that characterize the development of a 
concept of life during maturation^^: 

Stage A (age 6-7) wherein any object exhibiting activity assessed by 

auditory stimuli, or visual tracking of movement, is considered to be living. 

Stage B (age 8-9) marked by greater cue specificity - any object moving is 

considered to be alive. 

Stage C (age 9-11) where objects exhibiting spontaneous movement are 
considered to be alive and also to have consciousness. 
Stage D (age 1 1 and higher) in which only living things things are identified 
as alive and possessing consciousness. 

The general property of perceiving non-living things as animate is categorized as 
animism. Four questions pertaining to this misconception were addressed^: 
'^l. How well can students differentiate between living and nonliving? 

2. What criteria do Uiey employ in the classification? 

3. Do Uiey relate different meanings to the concept 'alive*? 

4. Do they relate different meanings to the same trait, such as 
movement, when applied to a dog or to clouds?" 

Interview techniques and questionnaires were ;i5cd to obtain data relative to the four 
questions. During interviews, tiie students were shown eight pictures, four of living things 
and four of non-living cnrities, but possessing motion or other attributes that might be 
misconstrued as conferring life. Among tiic living objects, some were plants, others were 
animals or animal eggs. Interestingly, animal eggs (though belonging to the animal 
kingdom) were considered by many students (50%) to be not alive. This is compared to 
40% who classified seeds as not alive. With respect to otiier living forms (plants and fungi), 
trees and mushrooms were considered alive less often than an herbaceous plant. Among 
inanimate items, human artifacts (e.g. television or train) were considered alive less often 
than natural phenomena such as a river or the sun. With respect to the forir major questions, 
the following points are briefly summarized. Living versus non-living is distinguished most 
often on the basis of movement especially with respect to animals or inanimate objects. 
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wheitas growth and development were the most widely applied indicators of life in plants 
and embryos. A noteworthy finding is that a large proportion (21%) of subjects used self- 
activation as an indicator of nonliving for man-made objects such as trains and televislciis. 
In general, as grade level increased, subjects used biological criteria for differentiating 
between living and non-living and referred less to \he functional significance to humans. 
This may be consistent with data cited above that biological conceptions are less dependent 
on "intuitive" understandings and more related to adult mediated learning. In general, it is 
important to note that many individuals exhibit highly context dependent responses in making 
judgements between living and non-living things. Correct assignment among one form of 
living things does not mean that performance will be equally accurate with another form. For 
many respondents, the life of humans and animals was very different than that of plants, 
embryos, or inanimate objects. Moreover, life of a dormant seed may be perceived quite 
diffeitntly from that of a germinating seed Likewise, the knowledge that life originates from 
life does not prevent some respondents from believing that seeds and eggs are not alive. This 
may represent a lack of formal operational skill in recognizing inconsistencies in class 
inclusion arguments. 

A similar possible interaction between Piagetian developmental stages and acquisition 
of concepts about, and operations of, science process skills has been reported"^'. Students 
may not be able to acquire certain process skills until the appropriate cognitive level is 
reached. Evidence suggests that the probability of a student being able to formulate 
hypotheses before the abilities to conserve, use proportional reasoning, control variaoles, and 
use combinatorial logic is quite low. A possible synergistic effect of learning integrative 
process skills on basic cognitive reasoning development may exist, but the trend in the data 
suggest that these processes are hierarchically ordered and care should be used in designing 
curriculum programs to develop subordinate logical skills before proceeding to more 
inclusive one?. 

A learning hierarchy is also implied in students acquisition of knowledge about food 
webs^*. The relationships among organisms in a food web, progressing from primary 
producers through a network of predators and prey, are governed by rule-like principles and 
should be amenable to hierarchical learning. One of the SISS items (Appendix A, p. 5) 
assesses knowledge of food webs and is discussed further in the results section of this 
report A skill hierarchy^ leading to the ability to determine how a change in the size of one 
population can affect another population in the same web, but not on the same trophic chain, 
was developed and tested previous research. Nine skills in ascending order included the 
following: Skill 1. ''Given a food web diagram, determine the effect of a sudden size change 
in a prey population on its predator population." Skill 4. "Given a food web diagram. 
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determine the effect of a sudden size change in one population on a second population, not 
located on the same food, when the effect is transmitted along only one route." Skill 9. 
"Given a food web diagram, determine the effect of a sudden size change in one population 
on a second population which is not on the same food chain, when the effect may be 
transmitted along more than one route." Simultaneously, five types of misconceptions about 
food web dynamics were identified: 1. Students tended to interpret food webs as though 
they were a simple food chain, neglecting the effects of a change at one node on multiple 
nodes connected to it Alterations in a node were followed only along one chain. 2. Sixteen 
percent of the population failed to realize that changes in a population have indirect effects on 
other populations even when they are not direcdy related by predator prey relations. Some 
students assume that variations in one population can only influence other populations related 
to it as predator or prey. The other systemic effects are neglected, even after instruction in 
food web dynamics. 3. Predators located at a higher point in a food web prey on all other 
organisms located below it, without regard to lines of predator-prey relationships (ca. one- 
fifth of the sample held this misconception). 4, Changes in the size of a prey population has 
no effect on the size of the predator population (low occurrence, 6% of the subjects). 5. 
Only four percent of the students held the false conception that if the size of one population in 
a food web is altered, all other populations will be altered in the same way. These data 
suggest that carefully ordered learning sequences emphasizing the cumulative nature of 
hierarchically arranged rules can enhance teaching of systemic or network type phenomena. 
Likewise, with clear awareness of the likely misconceptions students may bring such 
learning tasks, proper ameliorative instruction can be taken at the appropriate stage in 
instruction. Additional sources of insights into students' conceptions and misconceptions in 
biology have been published on major abstract constructs including: 1. cell processes and 
photosynthesis^9-5l, 2. classification systems and natural selection52t53^ 3. physiology and 
circulatory sysiem54, and 4. ecosystems'^, and broad areas of biological content56*57 

Among other areas of abstract learning involving systemic thinking, genetics has been 
widely recognized as among the most difficult for many secondary school students. The 
combined results of several studies58-6l on antecedent learning requirements and 
micsconceptions in genetics suggest the following conclusions: 

1. The process of meiosis including chromosomjl separation and halving of 
the chromosome number is not acquired in a sufficientiy generalizable way to 
apply to reproduction. ConsequenUy, students fail to realize that the egg and 
sperm carry only one half of the parent chromosomal complement not the 
diploid complement 



2. The mitotic and meiotic events art acquired as figural or iconic constructs 
(learned as pictorial or diagrammatic representations). Hence, students have 
difficulty applying symbolic labels to meiotic products during gene segregation 
and recombination. There is insufficient familiarity with use of symbols in 
representing biological phenomena. 

3. Students lack the formal operational skills of combinatorial reasoning and 
controlling of variables; therefore, they have difficulty in systematically 
analyzing the combinations of alleles that can occur during fertilization. 

4. There is insufficient prior application of proportional and probabilistic 
reasoning prior to the gener:s learning. Thus, students lack sufficient 
knowledge of these mathematical constructs in the context of biological 
phenomena to apply them efficiently in genetics problems. 

5. Insufficient discrimination learning during concept acquisition leads to 
micsconceptions about categories of phenomena. For example, students 
confuse amino acids and nucleic acids, or fail to discriminate between amino 
acids as a component part of proteins versus protein molecules as a separate 
structural and functional entity. 

6. The concepts of allele, gene, and chromosome are not sufficientiy 
differentiated cognitively leading to confusion of events during gene 
segregation, pairing of alleles, expression of traits by pairs of alleles, and 
analysis of phenotypes based on genotypes of the parents and offspring. 

Further analyses of these topics will be made in a more practical context in Chapter Six. 

Predictive Models of Achievement 

Our ability to predict academic achievement over extended time periods, and in relation to 
variables that arc significant in curriculum design, is limited. There are numerous student 
and environmental variables that must be taken into account in creating mathematical models 
to accurately predict achievement over long time periods. Nonetheless, in recent years some 
innovative approaches have been used toward die creation of mathematical models that will 
r '^dict short or long term learning. Walbcrg62.63 has used a statistical regression model 
bai>c on an economic production function to create a "Model of Educational Productivity." 
The model has been applied to understanding factors that contribute to scientific skill 
acquisition, otiier variables of significance in biological education, and die development of 
scientific literacy. It can be used to determine some of die complex socio-cultural and 
educational variiJ)les that predict educational achievement This is a wholistic approach using 
multivariate type statistics to predict the effects of several variables on educational gains. 
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Several studies have critically analyzed the merits of this approach and established 
guidelines for application«-8-6^. 

Aldridge^^'^^ has developed a mastery model of learning that con jiders several 
variables including prior learning, motivation, and time on task in predicting achievement 
over extended periods of time. This model, based on an exponential function, may be useful 
with further refinement for predicting how much practice is required to bring students to 
mastery level in a subject area. Increased precision in estimating time required to master 
content is clearly a useful tool in coordinating curriculum experiences to ensure that all 
students have sufficient opportunity to realize their potential and to receive appropriate 
instruction u> produce criterion-referenced achievement 

Recent interest has increased in applying neuroscientific theory to understanding 
leaming« g-69-7i^ A neuromathematical modep2,73 of information processing and knowledge 
acquisition has been developed that predicts short-term learning using variables that include 
die intellectual ability of the learners, their prior learning and organizing ability brought to the 
learning task, quality and quantity of the information presented, and motivation. This model 
has been shown to accurately predict science learning by adolescents and may be helpful, 
with further refinement, toward predicting the kinds of information structures needed to 
enhance science achievement for students of varying information-processing ability. Among 
other contributions, this model provides insight into fundamental neuro-psychological 
processed/ mat limit or potentiate verbal learning. 

A comprehensive model of science learning incorporating Piagetian theory with 
neuroscientific paradigms has been proposed by Lawson'^^. This model utilizes a neural 
network theory to predict the kind of learning environments that may potentiate among other 
factors scientific skill achievement The model, based on Grossberg*s neural modelling 
principles of learning, perception, cognition, and motor control, includes an explanation for 
development of reasoning patterns including a model of sensory-motor problem solving. 
Lawson proposes that the latter pattern of problem solving is universal and can be used to 
explain the ontogenetic development of cenain higher order reasoning skills. Among other 
implications, Lawson suggests "Students are taught strategies but they are seldom confronted 
with ±t diversity of problems needed to provoke the son of close inspection of problem cues 
necessary to link cues with strategies, and tentative results with implied consequences.'^?** 
These limitations may also interdict acquisition of additional higher level thinking skills, and 
therefore adequate attention to early maximal development of sensory-motor problem solving 
skills seems to be a significant part of early schooling. 

Each of the foregoing models provides partial perspectives on the complex task of 
predicting learning in relation to variables of interest to school practitioners and 
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administrators. Ultimately, as is the ideal in a mature science, we trust that a unifying model 
of the phenomenon of learning can be constructed that will allow us to better understand the 
fundamental biology of learning, and also to better predict those conditions that enhance 
science learning by students of varying characteristics in relation to content of varying 
complexity and abstracmess. 
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Origin and Rationale 

The Second lEA Science Study (SISS) was sponsored by the International Association for 
the Evaluation of Educational Achievement (lEA), incorporated in 1967 as an assembly of 
educational scholars with multi-national research interests. The purpose of the SISS study 
was to assess international science education achievement following somewhat the design of 
an earlier study sponsored by lEA in 1970. Comber and Keeves^ have presented the 
rationale and major findings for the international comparisons in that study, and Richard 
Wolf^ has summarized the organization of the study and presented some of the results of the 
United States participation. The work of the Second lEA Science study was begun in 1980. 
Each of the participating research teams in twenty-four countries provided their own funding 
and collaborated equally in devising the rationale, constructing and assembling existing test' 
items to be most representative of the curriculum in all countries, and establishing uniform 
procedures for testing and gathering data. Thus, every effort was made to ensure 
standardized construction and administration of test instruments while also permitting 
maximum collaborative interaction and equality of input from all members of the 
internationally assembled researchers. At this rime, 17 of the 24 participating countries had 
completed their reports. Since the major details of the history, rationale, construction of test 
items, and administrative procedures of the international study are presented elsewhere^*8-3.4^ 
only a brief sununary, pertinent to the assessment of biological achievement in the United 
States, is presented here. 

Basic Methodology 
Three populations, stratified by age, were assessed in each country : Population 1 
consisted of either all 10-year olds or that grade in which most 10-year olds were enrolled. 
Population 2 consisted either of all 14-year olds or the grade in which most 14-year olds 
were enrolled, and Population 3 was all snidcnts snidying science in the final year of 
secondary school. In the United States sample. Population 1 was students in the fifth grade 
(mean age = 1 1:3)» Population 2 was ninth grade snidents (mean age = 15:4). In the United 
States, first year biology (primarily tenth grade) and first year chemistry (primarily eleventh 
grade) students were also tested; however, a few smdents enrolled in basic biology in the 
eleventh or twelfth grade were also included Population 3 contained three subgroups based 
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on the course of study: advanced biology (3B), chemistry (3C), or physics (3P). The mean 
age for all students in the United States Population 3 was 17:7. Students in Population 3B 
were largely from the twelfth grade, but some who were enrolled in second year biology in 
the tenth or eleventh grades were also included. The results of the research reported here 
will concern only the biology students; i.e., those in Hrst year biology and Population 
subgroup 3B, advanced biology. The number of students p^^rticipating in each group is 
reported in Table 4.3 which also contains reliability indices of the tests. United States 
students to be tested were not individually selected, but were taken as whole classes in 
randomly sampled schools based on carefully prescribed sampling plans to ensure that the 
s;.iiools chosen were representative of those in the nation. The sample design and data 
collection were done by the Research Triangle Institute (RTI) of North Carolina. The sample 
contained more than twenty thousand students in the three populations. Representativeness 
of the sample schools was established by standard random sampling protocols and by 
applying an analysis of '^Marker variables** to ensure that the selected sample was indeed 
statistically representative of our nations schools based on several key variables that might be 
expected to influence the quality of schooling and educational progress of the students^. For' 
example, with respect to the proportion of males to females in the 10 to 14 year age span, the 
national figure is 0.51, and the proportion in the SISS Population 2 is 0.49. On other key 
variables such as Father's Education, the national median is 12.6, and for the SISS 
Population 2 sample is 12.9. These data indicate that with respect to these marker variables, 
which appear to be good indicators of overall representativeness, the samples are 
satisfactorily representative of the total population. Even with this great care, one must note 
at the outset that Population 33 came from only 43 schools and contained 630 smdents. This 
small sampling base clearly limits the strength of conclusions that can be drawn for this 
group. Based on national statistics^, the number of schools used for the first year biology 
sample is ca. 0.4% of the total, and for population 3B is ca. 0.15% of the total. Given the 
heterogeneity of American schools, especially the diversity of curricula employed, variations 
in policy and philosophical perspectives of the local officials and teachers, and the broad 
potential differences in administrative theory relative to school organization aiKl personnel; it 
is wise to keep in mind that these samples from a relatively small percentage of U. S. 
schools, may have some unrecognized biases. Overall, however, considerable effort was 
made to ensure a valid sample using state-of-the-art sampling design. 



Administration of Instruments 
Data collection occurred in two phases. The first phase (1983 to 1984) provided background 
data, but did not test the populations considered here. The second phase was in 1986 and 
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included the two populations considered in this repon (Table 4.1). The biology content tests 
were presented flnt followed by questionnaires and background knowledge tests including a 
word knowledge test and a mathematics test. 

Table 4.1 Data Collection Plan * 



GRADE 

First Year 
Biology 

Second Year 
Adv. Biology 



SESSION 1 

Achievement 
TestI 

Achievement 
Test II 



SESSION 2 

f High School Science 
Booklet2 



Student opinionnaire 

Word Knowledge 
Test 

Mathematics Test 



*Note: After taking the appropriate achievement test, all students responded to the. 
instruments listed under Session 2 . 

Instruments: Content tests, Questionnaires and Other Data 

Gathering Devices 
A thirty item biology achievement test was prepared lor each Population (Biology Test I, 
Appendix A; and Biology Test n, Appendix B). The items in the test were selected so as not 
to favor any one country or group of countries participating in the snidy. Moreover, some 
items contained in the test were identical to those in the first study sponsored by TEA. These 
••bridge" items provided a core for comparison of results with the first study. There were 
also 18 common items C*anchor** items) in the two tests for first year and advanced biology 
students. This allowed performance comparisons between the two groups. A math test (IS 
items) of appropriate difficulty was administered to each Population and contained items on 
scientific notation, operations with exponents, reasoning with equations, geometry, and 
trigonometry. Information on smdent gender, expectations about further higher education, 
patterns of homework and leisure activity, and information related to the socio-economic 
stanis of the family were obtained using a student questionnaire (16 items) contained in the 
same book as the math test The questionnaire was followed by an opinionnaire (28 items) to 
assess student perceptions about the merits of science to society, professional roles of 
scientists, and the nature of scientific cognitive and laboratory activities, and the 
attractiveness of science and/or science teaching as a career. A science learning inventory 



ERLC 



f)0 



52 

(24 items) assessed key aspects of the classroom teaching/learning environmeni, including 
whether or not a textbook is used, the organization of lesson activities, degree of student 
autonomy versus teacher-structured activities, and the occurrence, organization, and type of 
laboratory activities, etc. The last inclusion in this test booklet was a word knowledge test 
containing 30 items each composed of a pair of words to be categorized by the respondent as 
''Same" or "Opposite** in meaning. 

Hereafter, the above tests will be cited respectively as "Biology Test", "Mathematics 
Test", "Questionnaire", "Opinicnnaire", "Science Learning Inventory", and "Word 
Knowledge Test" For reasons of parsimony, the biology content test for the first year 
biology group will be designated Biology Test I; and for the advanced biology group. 
Biology Test H. In addition to these instruments distributed to the students, a "School 
Questionnaire" was distributed to each of the participating schools« This instrument 
ascertained the community urban status, population information for those served by the 
school, class scheduling and laboratory usage, and requirements for graduation. The 
teachen also completed a Teacher Survey" which among other areas assessed the teacher's 
academic background in science content^ professional education, etc. Information was also 
collected firom the teacher for each test item as to the "Opportunity to Leam" the content in the 
item. 

Biology Content Tests 
Three indices of test validity were used. The first index was a curriculum relevance index 
and measured the extent to which the test was of equal appropriateness for all curricula of the 
seventeen participating countries. The second index examined the relevance of the test items 
to the national curriculum. A third index assessed to what extent a national curriculum was 
representative of those of all the countries participating in the study. A summary of the 
validation process and validity indices are presented in Appendix 8 of the preliminary repon 
of the international results of the Second EA Science Study^. 

The reliability coefficients (Cronbach^s alpha) of the Biology Content Tests and those 
for the Mathematics Test based on the results of the United States sample are presented in 
Table 4.1 In addition to the total test reliability, an attempt was made post-facto to identify 
groups of items within the test that seemed to form a natural subset based on common 
biological or mathematical content. Tha items in Biology Test I are also coded accorxling to 
content into seven categories: 1. Animal Biology, 2 Cell biology, 3. Data Interpretation and 
Experimental Design, 4. Ecology, 5. Evolution, 6. Genetics, and 7. Plant Biology. This 
was not done for Biology Test II since the size of the student sample appeared to be too small 
to make such fine distinctions. The designations were made on the best judgement of the 
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major emphasis of the question content In some cases, a question could be assigned to two 
or more categories based on component parts of the content, but an overall judgement was 
made to force each question into what appeared to be the most representative category. These 
categories for Biology Test I will be cited in subsequent discussions, where appropriate, 
merely as a convenient way of ordering information into manageable blocks. However, it is 
clear that in all cases, the reliability of these subsets is far too low to use them in further 
statistical analyses. 

Table 4. 2 Total Test Reliability And i:>ata By Content Subgroups 



ITEMS 



N = 2,582 



MATHEMATICS I 
N = 2,677 



Total Alpha 


0.80 


Total Alpha 


0.75 


Cellular 
5. 13, 17, 22 


0.28 


Basic Math. 
1, 2, 4, 10, 15 


0.53 


Plant 
3, 14, 27 


0.21 






Aninial 
1.2. 11, 15, 
21, 26, 30 


0.45 


Proportions 
3, 5, 6, 8, 
13, 14 


0.54 


Ecology 
4, 7, 8, 12 


0.45 






Evolution 
16, 19,29 


0.32 


Geometry, etc. 
7, 9, 11, 12 


0.32 


Genetics 

18, 23, 24, 25 


0.28 






Data Analysis, etc. 
6, 9, 10, 20, 28 


0.52 







Total Alpha 



BIOLOGY n MATHEMATICS n 

N= 659 N= 645 

0.76 Total Alpha 0.75 



The low reliability is not entirely surprising given the post-facto nature of the 
groupings and the small number of items in each subset The test apparently was not 
conceived to assess major subsets of biology and mathematics content, even though there are 
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clear content categories that can be identified among the items. Thus, as is often the case 
with post facto categorization of test items into subtests, there is a low probability that the 
items will constitute a st^fficiendy reliable set of questions to permit detailed analyses. 

To further display the range of content areas represented by the te:t items, and their 
categorical frequencies (Fig. 4.1), the items in Biology Test I have been coded using the 
same content analysis grid as used for three secondary school biology textbooks (Figs 2. 1 to 
2.3). This grid shows that the content coverage of the items is very similar to that of the 
emphases in the three textbooks. The highest density of tallies occurs in the categories of 
plant and animal organismic and population biology. Sixteen of the thirty items fall within 
this major set of categories. Six tallies occur in molecular and cellular biology categories, 
and the remaining eight are distributed among evolution, ecosystems structure, and scientific 
methouology. Hence, it appears that relative at least to the three textbooks examined, the test 
items are well distributed to represent secondary school textbook emphases. As a measure of 
diversity, a simple diversity index was employed: 

D»l-[(N-n)/N]; 

where N is the total number of test items, and n is the number of subgroups (matrix cells) 
coniaining items within the content grid Thus, if all of the items were distributed among 
different content subgroups, the diversity index would be unity. That is N » n and D = 1.0. 
To the extent that items are concentrated in groups, n becomes increasingly smaller, and D 
approaches zero as a limiting value. This is a modification of the diversity coefficient used in 
Chapter Two to analyze textbook content diversity. 

Based on this coefficient, D = 0.87 for all test-item cell entries in Fig. 4.1 (p. 5^. 
This indicates that the items tend to be fairly comprehensive in their content emphasis. If we 
examine only the rows to determine how well the test items arc distributed among major 
biological concept levels, we obtain D = 0.50. This lower vaiue is not surprising, since as 
noted for the textbook content, the test items emphasize organismic and population concepts. 

With respect to the categorization of test items from the Biology Test I in Table 4.3, 
the data have been further grouped according to the major category represented by blocks of 
cells in the coding chart Cell Biology includes all of the categories checked across kingdon*s 
for Cellular, Plant Biology are all categories within the plant kingdom at the organismic level, 
likewise a category for Animal Biology was assessed. Ecology contains all counts across 
kingdoms in the Ecosystems block. Evolution contains all counts across kingdoms for the 
row category (Evolution). In similar fashion, all counts in rows were used for categories of 
Genetics, and for Scientific Methodology. The percentage of total items within each 
subcategory is as follows: 1. Cell Biology (13-3%), 2. Plant Biology (10%), 3. Animal 
Biology (23%), 4. Ecology (13 3%), 5. Evolution (10%), 6. Genetics (13.3%), and 7. 
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Scientific Methodology (17%). For purposes of comparison with textbook content emphases 
, the distribution of page counts for the BSCS text, Biological Science: An Inquiry into Life, 
is expressed as the percentage of total pages within each corresponding category: 1. Cell 
Biology (14%). 2. Plant Biology (8.3%), 3. Animal Biology (23%), 4. Ecology (10%), 5. 
Evolution (15%), 6. Genetics (14%), and 7. Scientific Methodology (8%). The latter is a 
low estimate, since many pages contain allusions to, or descriptions of, scientific enquiry 
topics, but since pages were coded based largely on the dominant ideational content, the 
amount of scientific methodology coded was in fact less than the total in the textbook. The 
sum of the percentages is not 100% due to the presence of additional content areas in the 
book, e.g. taxonomic classification, that are not included in the categories represented hy the 
Biology Test items. 

The percentage distribution of Biology Test items within these categories and the 
corresponding percentage d^ta for content emphasis, based on page counts in the BSCS text, 
are remarkably similar. As further evidence, the percentage page counts distributed within 
the content subcategories was determined for Modern Biology by Otto and Towle. The 
distribution by categories is: 1. Cell Biology (16%), 2. Plant Biology (10%), 3. Animal 
Biology (46%), 4. Ecology (7%), 5. Evoluton (4%), 6. Genetics (9%), and 7. Scientific 
Method (3%). This distribution, though less similar to the test item distribution thui found 
for the BSCS Dcxt, is stiUil reasonably similar. This funher supports the conclusion that the 
Biology Test I is well constructed to represent American secondary school curricula, based 
at least on comparison to some widely used textbooks. No distributional analysis for items 
in die Population 3B Biology Content Test was computed, since this advance placement 
group represents college level biology and no corresponding analysis was done for college 
level biology texts. 

The difficulty index (percentage of iiespondcnts who chose the correct option) for 
each item in the Biology Test I is presented in Table 5.1 along with other data used in 
discussing the results of the study. This Table also contains the proportion of students who 
selected each of the options (A to E) for each test item. The bold face entry marks the correct 
option. This, therefore, is the proportion of students who correctly answered the question. 
Table 5.2 presents die same analysis for the Biology Test II. In each of these Tables, the 
items are also classified according to their most likely position relative to the Scientific 
Literacy Model (Fig. 1.1) and whether they are science-process items (involving data 
analysis, experimental design, etc.) or non-process items. 

Figure. 4.1 Coded Chart for Biology Test I Items (On Continuing Page) 



Figure 4.1 Coded Chart for the Riology Test I Items 



Source: S.I.S.S. 
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Some Comments on Item Construction and Content 
Although the total distribution of items is rather consistent with textbook content 
emphases, it is lamentable that there were so few items clearly directed toward achievement in 
human biology. This is consistendy an area of major emphasis in United States secondary 
school texts. For example In the Biology Test II, there are two items that concern human 
physiology most directly (items 2 and 15) and both of these concern heat regulation. It is not 
clear why such a focused set of questions was used. In my opinion, a more comprehensive 
measure of student achievement in human biology could have been obtained by constructing 
questions that assess understanding of how major body systems interact Moreover, with 
proper construction of distractors, information could have been gathered (albeit limited) on 
major misconceptions students hold about the overall functioning of the human body based 
on a systems perspective. One item on nutritioa (item 1) may be considered both a human 
biology and a molecular biology question. Unfortunately, the paucity of questions and the 
rather focused content vUl make it difficult to make strong conclusions about current student 
achievement in human biology. Clearly, however, the test appears to have been constructed 
to assess overall biology achievement, and therefore fmer statistical analyses, as mentioned 
previously in the discussion of "subtest'' reliabilities, will not be possible. Item 18 may be 
confusing owing to wording. The stem of the item states "What initially determines whether 
a human baby is going to be a male or a female?" While technically correct, the use of 
"initially" may confuse some tenth grade students who have reading difficulty and do not 
understand the temporal referent. This is only a conjecture as no empirical evidence is 
available to render a judgement 

One item included in both Biology Test I and n (item 14 for Test I, and item 17 for 
Test U) is unfortunately not technically correct based on current biological knowledge. This 
item states "Which qdc of the following processes in plants is iifli controlled by hormones?" 
The designated correct option is "A. water uplift in the stem." However, there is good 
evidence that abscisic acid, a plant regulator substance or "hormone," controls leaf stomatal 
closure under extreme water stress, thus limiting transpiration^*', jhis finer technical point 
is not likely to be covered in secondary school biology, making the option at least appropriate 
for this age group. But, the misconception that is reinforced is unfortunate. The item could 
have been made technically more sound by rewording as follows: "Which oat of the 
following processes in plants is least likelv to be controlled by hormones?" 

With respect to bridge items sparming both the biology tests, it is unfortunate that 
item 12 (Biology Test I) concerning food web dynamics was not included in the Biology Test 
n in 1986. This would have been a useful item to examine effects of maturation and 
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schooling on understanding of system dynamics. It was included in the 1983 test for 
subgroup 3P and therefore provides some basis for comparison across grade level. 
However, this comparison is contaminated by the fact that the 3P students are enrolled in 
Physics and may possess very different intellectual abilities, educational history, and 
information processing skills than a more comparable 3B group. Item 15 (Biology Test II) is 
a good one for fine discrimination among the distractors, but may also be confusing for a 
poor reader. The first distractor attributing heat distribution round the body to blood 
circulation may be misinterpreted to be correct, since it is known that the distribution of blood 
in the body relative to surface versus deep organs does vary with temperature of the body 
surface, etc. Nonetheless, the item is likely to be a good discrminating question as indicated 
by the number of students who incorrectly chose item A (58.9% of all respondents), while 
only 27.3% chose the correct option. 

On the whole, the items appear to be well balanced among basic knowledge and 
process-skills, and vary in content difficulty from specific-factual kinds of information to 
systeniic and theoretical analytical questions. Additional interpretations are made in Chapters 
Five and Six. 

Data From Other Instruments 

A summary of the questions, and repon of student responses to the Individual items, in the 
Student Questionnaires for the Biology I and Biology II Populations is presented in 
Appendices C and D, respectively. The corresponding Mathematics Test items for these two 
populations arc presented in Appendices E and F respectively. 
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^hapter Five 
RESULTS OF THE SECOND I E A STUDY: 
BIOLOGY ACHIEVEMENT 

Major Findings 

The TtMlts from Biology Content Tests I and n are presented in Tables 5.1 and 5.2 
respectively ^ The percentage of all respondents who scored correctly on each item is 
reported in bold face type, followed by percentiles for each distractor. The mean scores on 
both tests are low. The mean for Biology Test I is 12.8 (42.7% of all items) with s.d.. = 
5.0, and for Biology Test n is 12.7 (42.5%), s.d. = 5.0. Among the 18 items common to 
both tests, the mean score on Biology Test I is 6.6 (36.7%), s.d. = 3.1; and for Biology 
Test n is 8.4 (46.8%), s.d. = 3.7. The test items for Biology Test I and n are displayed in 
Appendices A and B. As background information, summaries of respc/ises to the student 
questionnaires (Populations I and U) are presented in Appendices C and D. 

Fuidier analyses of Biology Test results are presented in Figs. 5.1 and 5.2 placed on 
pages 68 and 69 to r-^duce interruption of the text. In Fig. 5.1, the items have been 
categorizt^d by content areas. The purpose of this display is to permit rapid a$sessment of 
individual items within a given content area. It is not recommended that the histogram be 
used to make comparisons among the categories as we do not know to what extent the items 
are of comparable difficulty. In Fig. 5.2, the items are displayed by percentile in descending 
order. The main analyses reported here are for Biology Test I. Item 9 has the highest 
percentile (classified as an experimental design question) with 83% responding corrrectly. 
On a majority of the questions, less than 50% of the students responded conectly. Items 23 
and 30 were among the lowest Item 23 is a genetics problem that requires skill in predicting 
the phenotype of a F2 generation based on knowledge of the parent's genotype. Item 30 
asks the respondent to select the graph that best represents human population growth. With 
respect to the process items included in the data interpretation subcategory, item 28 is a 
complex question involving experimental instrumental design. The percentage of correct 
responses waf 56.5%. Given the heterogeneity of students in basic biology courses at the 
sec(HKtary level* particularly given the proportion that arc likely to be committed to science as 
a career, it appears encouraging that over half thf respondents were able to analyze the 
apparatus and make a correct response. Likewise, it is interesting to note that on items 7 and 
8 of Biology Test I, that are classified as process items in quadrant m of the Literacy Model, 
the percentiles were relatively large 66.2 and 67.3, respectively. From this author's 
perspective, these item^i represent more complex kinds of biological knowledge and skills. 
Item 9 in Biology Tesr I, classified as a process item in quadrant n of the Scientific Literacy 
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Model was answered correctly by 83% of the respondents. Item 12, categorized as a process 
item in quadrant m, involves a systems analysis of trophic interactions and was answered 
correctly by 28.8% of the respondents. As discussed more fully in Chapter Six, this rather 
low value may indicate a need for increased emphasis on systems learning in biology. 

Table 5.1 Item Statistics for Biology Test I 



Item 


Type Quad. 


Percentile 


Percentile 


A. 


B. 


c. 


D. 


E. 








Total 


F 


M 












1 


NP 


I 


43.4 


45.5 


41.5 


26.7 


10.5 


11.8 


7.1 


43.4* 


2 


NP 


I 


54.4 


51.1 


58.6 


54.4* 


2.1 


0.6 


19.8 


22.9 


3* 


NP 


I 


46, i 


42.5 


51.3 


8.3 


20.6 


46.5* 


9.8 


13.1 


4 


P 


n 


mm A m 

70.5 


66.4 


74.3 


3.1 


6.7 


5.6 


70.5* 


13.7 


S 


NP 


I 


39.4 


36.7 


42.9 


39.4* 


14.6 


9.6 


16.4 


19.0 


6 


P 


n 


48.6 


44.5 


53.7 


48.6* 


2.5 


2.6 


2.4 


43.8 


7 


D 

r 


TTT 
ill 


66.2 


oj.O 


oo.y 


10.9 


66.2* 


7.0 


0.9 


14.7 


fi 
o 


p 


m 

III 










J.O 


0.0 


lo.J 


1 A 

1.4 


9 


p 


n 


83.0 


85.6 


79.3 


5 0 




V/. ^ 




1 Q 


10 


p 


n 


49.5 


49.5 


49.3 


2.8 


30.7 


10.5 


49.5* 


6.1 


11 


NP 


I 


40.3 


37.6 


43.6 


10.9 


13.8 


40.3* 


29.8 


5.0 


12 


P 


m 


28.8 


22.4 


37.6 


20.2 


7.1 


8.1 


28.8* 


35.0 


13 


NP 


I 


48.6 


45.7 


51.4 


48.6* 


11.4 


22.9 


3.4 


13.2 


14* 


NP 


T 
k 


29.3 


27.2 


31.7 


29.3* 


9.8 


16.6 


30.4 


12.5 


15 


NP 


I 


27.3 


27.9 


26.7 


58.9 


27.3* 


9.1 


1.3 


2.8 


16* 


NP 


I 


51.7 


54.7 


49.4 


2.5 


15.0 


51.7* 


6.4 


22.8 


17 


NP 


I 


29.2 


26.5 


32.8 


3.1 


22.8 


29.2* 


33.3 


11.0 


18 


NP 


I 


31.8 


31.2 


32.4 


31.8* 


5.5 


8.7 


3.6 


49.7 


19* 


NP 


n 


44.9 


44.6 


45.5 


44.9* 


18.4 


17.7 


6.6 


11.0 


20 


P 


n 


32.8 


27.0 


40.1 


6.6 


9.6 


32.8* 


21.3 


28.7 


21 


NP 


I 


20.7 


19.0 


22.4 


39.2 


21.5 


2.6 


20.7* 


15.5 


22 


NP 


n 


37.0 


37.3 


37.3 


30.2 


37.0* 


8.7 


16.3 


6.8 


23+ 


NP 


n 


22.4 


22.5 


22.3 


33.4 


6.9 


15.7 


20.2 


22.4* 


24+ 


NP 


n 


34.7 


35.2 


34.4 


13.7 


34.7* 


16.5 


25.5 


7.8 


25+ 


NP 


n 


37.1 


37.3 


37.8 


10.5 


32.8 


37.1* 


11.5 


6.5 


26+ 


NP 


I 


46.9 


45.7 


48.3 


13.4 


46.9* 


11.3 


10.7 


16.5 


27+ 


NP 


I 


46.5 


49.0 


43.6 


23.4 


11.6 


46.5* 


11.9 


5.1 


28 


P 


n-in 


56.5 


53.6 


60.3 


56.5* 


13.1 


8.4 


6.5 


14.5 


29+ 


NP 


n 


28.0 


30.2 


25.6 


19.3 


31.0 


13.8 


28.0* 


6.8 


30 


P 


n 


18.0 


11.2 


25.9 


18.0* 


25.7 


4.2 


8.6 


42.5 



Note: P « Process item, NP « non-process item. Quad is the quadrant categorization for the item relative to 
the two-dlmeDsiooal Sdemific Literacy Model (Fig. 1.1). However, within each of the higher quad^u II and 
m, few of the itenis would be categorized in the highest levels of these quadrants. F« female, and M » male. 
Bold entries are total percenuge of students correctly answering the item. Colunms A, B, C, D, and E. are 
percentages (tfrespoodents selecting each distractor. Asterisk « Correct option. Items marked -i- have I to 2% 
omitted responses by testees, remaining items are 1% or less. 
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Table 5.2 Item Statistics for Biology Test II 



Item 


Type 


Quad. Percentile 


Percentile 


A. 


B. 


C. 


D. 


E. 








Tool 


F 


M 












1 


NP 


I 


42.1 


36.0 


49.9 


0.9 


18.4 


42.1* 


29.5 


9.2 


2 


NP 


I 


48.5 


47.6 


49.1 


48.5* 


5.7 


9.5 


2.7 


33.2 


3 


NP 


I 


32.1 


29.0 


36.8 


41.6 


13.6 


1.3 


32.1* 


11.0 


4 


NP 


n 


44.2 


43.4 


44.9 


32.2 


44.2* 


5.8 


12.5 


5.0 


5* 


NP 


I 


47.4 


47.0 


48.9 


27.5 


9.9 


47.4* 


10.0 


3.3 


6 


NP 


n 


26.9 


27.9 


26.2 


18.2 


26.9* 


23.2 


14.5 


16.8 


7* 


NP 


n 


31.2 


30.3 


30.7 


27.7 


5.5 


17.0 


17.4 


31.2* 


8 


NP 


n 


38.7 


39.0 


37.2 


16.5 


38.7* 


11.3 


25.2 


5.8 


9+ 


NP 


n 


43.2 


41.6 


45.7 


12.3 


29.5 


43.2* 


8.6 


5.0 


10 


NP 


I 


59.7 


55.4 


65.8 


59.7* 


7.1 


20.4 


4.2 


8.3 


11 


NP 


I 


18.3 


16.3 


20.5 


18.3* 


18.3 


13.9 


11.0 


36.9 


12* 


P 


n 


32.7 


26.1 


40 8 


6.7 


32 7* 


31 7 


2 1 




13 


NP 


I 


27.5 


26^0 


28.9 


14-7 


7.0 


14.4 


27 5* 




14 


P 


m 


52.8 


51.0 


55.9 


29.3 


2.6 


52.8* 


7.7 


7.0 


15 


NP 


n 


36.7 


36.6 


35.7 


39.6 


10.8 


36.7* 


6.9 


4.5 


16 


NP 


n 


27.5 


28.7 


24.6 


7.3 


34.1 


1.9 


27.5* 


28.4 


17 


NP 


I 


37.2 


33.4 


41.6 


37.2* 


8.7 


1-3.7 


28.6 


10.7 


18+ 


NP 


I 


27.4 


25.9 


29.2 


20.4 


13.6 


16.0 


27.4* 


18.8 


19+ 


P 


n 


70.5 


70.0 


72.3 


13.0 


5.5 


70.5* 


4.5 


4.8 


20 


P 


n 


52.6 


53.8 


51.1 


14.5 


24.0 


4.5 


3.6 


52.6* 


21 


NP 


I 


57.7 


55.4 


61.5 


8.6 


57.7* 


7.7 


5.8 


19.4 


22 


P 


n 


69.1 


65.9 


72.8 


2.7 


15.0 


8.8 


69.1* 


4.2 


23 


NP 


n 


34.4 


32.9 


36.3 


13.0 


37.7 


8.4 


34.4* 


5.8 


24 


NF 


I 


58.2 


53.7 


62.8 


4.9 


8.3 


58.2* 


22.4 


5.8 


25 


P 


u 


45.2 


39.5 


53.2 


4.7 


6.8 


45.2* 


14.8 


26.6 


26+ 


P 


n-m 


68.7 


63.8 


74.7 


68.7* 


10.4 


5.2 


4.1 


10.3 


27 


NP 


I 


60.4 


60.2 


61.7 


2.2 


11.5 


60.4* 


37 


21.2 


28 


NP 


n 


12.3 


7.7 


17.6 


2.0 


70.0 


12.3* 


8.1 


6.6 


29+ 


NP 


n 


45.9 


43.1 


50.7* 


45.9 


16.3 


15.7 


6.8 


13.8 


30 


P 


n 


25.2 


19.0 


34.2 


25.2* 


17.9 


1.9 


8.9 


45.3 



Note: P » ProccM item, NP ■ non-proccM item, QujuL is the quadrant categorization for the item relative to 
ihv? nvoKlimensional Scientific Literacy Model (Hg. i.l). However, within each of the higher quadranu 11 and 
m. few of the itenu would be categorized in the highest levels of these quadrants. F » female, and M » male. 
Bold entries are total percentages of respondentt answering the item correcUy. Columns A, B, C, D, and E. 
arc percentages of respondents selecti:.g each distractor. Asterisks » correct option. Items maikcd with a + are 
those with I to 3% omitted responses by testees, all remaining items are less. 



Tabic 5 J Comparative Data for Female and Male Respondents on Categorized Items: 

Biology Test I and n 



Biology Test I 
% Responding Correctly 

Category F M Total 

CeUular 36.6 41.1 38.6 

5, 13, 17, 22 

Plant 39.6 42.2 40.8 

3, 14, 27 

Animal 34.0 38.1 35.9 
1,2, 11, 15, 
21, 26, 30 

Ecology 55.4 61.5 58.2 

4, 7, 8, 12 

Evolution 43.2 40.0 41.5 
16, 19, 29 

Genetics 31.6 31.7 31.5 
18, 23 - 25 

Datalnterp. 52.0 56.5 54.1 

6, 9, 10, 
28 



Biology Test n 

% Responding Correctly 

Category f M Total 

CeUular 44.9 53.5 48.7 

1. 4, 10 

Plant 35.5 39.8 37.4 

5, 13, 17 

Animal 35.1 40.1 37.3 

3, 11, 14- 16, 
18, 21, 24, 30 

Ecology 
None 

Evolution 36.0 41.6 38.3 
23, 27 - 29 

Genetics 37.3 37.8 37.7 

2, 6,7-9 

Datalnterp. 53.2 60.8 56.5 
12, 19, 20, 
22, 25, 26 



Total Scores 41.4 44.3 42.7 



40.2 45.4 42.5 



Comparative Data 

The comparative performance of male versus female students is summarized in Table 5.3 by 
content subcategories. In general, the percentage of females responding correctly was less 
than for males, except for items on genetics. With respect to total score, for Biology Test I, 
the percent of males responding correctly was 44.5% and for females, 41.4%. For Biology 
Test n, the percent of males scoring correctly was 45.4% and for females, 40.2%. In terms 
of mean score, on Biology Test I, the score for females was 12.4 and for males 13.3 (t = 
4.70, p«0.01), and for Biology Test U, the score for females was 12.1 and for males 13.6 
(t =» 3.91, p « 0.01). This rather consistent difference points toward a continuing dilenmia 
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of the need to encourage greater scientific achievement among female students. Some of the 
socio-cultural and educational implications of this issue have been presented by Humrich^. 

In general, across all grade levels and for all subject areas of science tested, the mean 
score of females is less than males. Although this trend is also reflected in performance on 
most questions of the biology tests, there are some exceptions where performance is equal or 
nearly equal. In Biology Test I, items 7, 8, 15, 16, and 23 show nearly equivalent 
performance; while, items 9 and 24 show a slightly enhanced performance by female 
students. Some of these items, though not exclusively, require higher level thought 
processes or include problems with complex interactions among variables. This may suggest 
that female students are particularly at par with male students or even slightly advantaged 
with non-mechanical" kinds of problems requiring increasing amounts of formal thought. 
Very limited evidence from this test suggests that female students may do as well as, if not 
better than, males on genetics problems. 

International Findings 

Only the data from Biology Test n are used in this analysis since the respondents are* 
comparable in age to respondents in other nations^. Moreover, only 25 of the items in 
Biology Test U were the same across all nations. The United States mean is 16.5. It is 
among the lowest in the list, next to the last The range of scores is 1L5 to 21.7. These 
data must be interpreted with the knowledge that the United States sample size was very 
limited. Only 659 students were tested, and this raises serious questions whether such a 
small sample from 43 schools is representative of the nation. This is in contrast to 2,582 
students from 118 schools who responded to Biology Test I. There are no comparative 
international data for the latter population since there are po comparable groups in ihe 
international sample. No further international comparisons will be made in this repon. 
Further comparative details of performance for the advanced science groups (Populations 3C, 
3B, and 3P) are presented by Ferko*. 

Relationships Among Biology Test Scores, Mathematics Tests, 

and Word Knowledge 

A rather strong correlation was found between Biology Test scores and Mathematics Test 
scores. For group I, where the size of the sample is deemed sufficiently representative, r = 
0.5 (p«0.01). However, some of this covariation may be explained by a common 
contributing variable of cognitive ability (i.e. intelligence or information processing ability). 
Thus, in general we would expect that the student who is more able cognitively will perform 
better on both the mathematics test and the biology test, producing a strong correlation 
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between the math and biology scores . Hence, the correlation may not reflect a direct linkage 
between the student's mathematics ability and the set of biology items presented in the test, 
but rather reflects common variation that is accounted for by a third variable, i.e. cognitive 
ability. In the absence of a standard intellectual ability measure, the word knowledge test 
scores were used as a predictor in a partial correlation analysis to determine how much of the 
variance in biology test results could be accounted for by the mathematics test scores when 
word knowledge was taken into account. The partial correlation coefficient was r = 0.44 
(p«0.01). It is sufficiently strong to suggest that mathematics skills assessed by the 
Mathematics Test are contributing to some of the variance in the biology test scores. This is 
reasonable as some of the items clearly require quantitative skills. 

Other Findings 

The responses to the Student Questionnaire for group I and group II are summarized in 
Appendices C and D as background information to aid the reader in interpreting the overall 
smdent perceptions of the socio-cultural and school environmental variables thai formed the 
context for this survey. Correlations between the questionnaire or opinionnaire items and 
student achievement assessed by the Biology Content Tests produced very low coefficients 
with a few in the 0.2 range. Given the uncertainty in precision of the background data 
instruments and the lack of sufficient control for other contributing variables that may account 
for some of the correlations found in this survey data, no further statistical interpretations 
appear to be warranted. Additional information, however, may be extracted if the data are 
grouped into larger categories, and a factor analysis could provide some preliminary insight 
toward this goal. In the student opinionnaire items, the options were "Often, Sometimes, 
Never." The low resolution provided by these three options and the lack of any means of 
calibrating the responses to know whether one respondent's use of often is equivalent to 
another's use, among othei limiting factors, does not permit further inferential statistical 
analyses of these data. The data may be of interest as evidence of some general opinions 
expressed by the students in the sample, but these data will not be included in this report 

Descriptive Analyses of Biology Achievement Among Schools 
As a general aid in interpreting the range of performance among students across schools, the 
mean score on Biology Test I is presented for schools falling within each decile (Table 5.4). 
This breakdown of the data may provide further insight into differences across schools, that 
in the United States are highly diverse, and gives some finer resolution to the question of 
how well students in the best schools perform compared to those in the schools with the 
lowest mean scores. The mean score for schools in the highest decile is 18.3 out of a total 
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of 30 test items. The mean score for schools in the lowest decile is 7.8. As a furthci 
perspective on variations in responses among schools, responses of students in the schools 
within the highest decile are compared to those from schools in the lowest decile. Only some 
items are chosen to illustrate variations. Item S in Biology Test I is a non-process type 
question and requires the respondent to identify which cell diagram among S types is found 
in the human nervous system. Among the schools in the highest decile, 67% of the students 
were able to correctly identify the diagram of a neuron as the correct response. For the 
respondents in the lowest decile group, IS.1% made the correct identification. 



Table 5.4 Decile Distribution of Biology Test I Mean Scores Among Schools 



Deciles 


i 


2 


1 


1 


1 


6. 


1 




2 




Biol. 
Test 
Means 


7.8 


9.5 


10.6 


11.5 


12 A 


12.9 


13.8 


14.8 


15.8 


18.3 


Mean 
Gass 
Size 


18.0 


20.0 


25.0 


23.0 


23.0 


25.0 


26.0 


24.0 


22.0 


22.0 



Interestingly, a diagram of a plant cell was included among the distractors in the array 
of animal cells, and 25% of the students among schools in the lowest decile chose this 
option, while 6.9% of these students in the highest decile chose this distractor. Item 2 
concerns ^'The main way that sweating helps the body.** In the lowest decile, 19.6% of the 
respondents correctly identified cooling as a main role of sweating, while 79.9% of the 
respondents in the highest decile chose this response. Ammg the distractors that were 
selected most frequently, elimination of salt was marked by 35.9% in the lowest decile and 
1 1.1% in the highest Elimination of excess water was chosen by 41.3% in the lowest decile 
and 9.0% in the highest decile. Both of these questions are categorized as non-process and 
assigned to quadrant I of the Literacy Model. Five process-type items are also analyzed in 
the same way. Item 6 presents a graph to be interpreted. Among the respondents in the 
lowest decile, 24.9% answered correctly while in the highest decile 70% answered correcdy. 
The option "One cannot tell from the information** was chosen by 58% in the lowest decile 
and 2.5% in the highest decile. 

Item 8 displays a diagram of aquatic organisms with arrows showing the flow of 
substances labelled a or b. Among the respondents in the lowest decile, 50.5% answered 
correctly, i.e. oxygen is produced by plants and carbon dioxide is produced by animals. 
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Interestingly 26.6% chose the distractor that is completely opposite, i.e. plants produce 
carbon dioxide and animals produce oxygen. Among respondents in the highest decile, 
87.5% responded correctly, and only 9.6% chose the "opposite" distractor. Item 10 
requires interpretation of trends in tabular data. Among the respondents in the lowest decile, 
23.6% correctiy identified the proper correlation between protein concentration and the rate of 
growth of the offspring. 35.1% chose the distractor "The greater the protein concentration 
in the mammal's milk the slower the newborn baby will double its weight." By comparison, 
in the highest decile, 77.3% responded correctly and 15.2% chose the correspondingly 
incorrect distractor relating size to milk composition. Item 12 displays a food web. In the 
lowest decile, 4.13% correctly identified that decline of a predator one step removed from a 
prey would produce an increase in the intermediate predator population and thus decrease the 
numbers of the prey. In the highest decile, 57.2% answered correctly. One of the most 
common false distractors chosen was that the prey would increase. In the lowest decile, 
15.5% chose this distractor while in the highest decile this distractor was chosen by 17.6% 
of the respondents. The final item analyzed here is 28. This presents a diagram of an 
experimental apparatus on respiration and asks for an interpretation of changes in volume of 
the respiration chamber. Among respondents in the lowest decile, 30% correctiy identified 
that a smaller container would provide a means of getting the "Quickest" results from the 
apparatus. In the highest decile, 80.4% made the correct response. For both groups, 
responses were largely scattered among the remaining distractors. 

On the whole, even in the highest decile group, the responses of the students are not 
particularly strong for some items. This is especially true for what appears to be a very basic 
question such as item 6 requiring recognition of a neuron among other highly diverse cell 
types. Indeed, the common error of identifying a plant cell as the correct choice is all the 
more disturbing since a later question clearly labels such a cell as a plant cell. As it happens, 
an additional test item contains a similar picmre of a plant cell clearly identified as belonging 
to a plant, yet tins information appears not to have been used by many of the students to 
correct their response to the neuron question. The fact that the informative test item comes at 
a later point in the test booklet may reflect, among other possibilities, that the respondents 
who incorrectiy chose the plant cell distractor did not either recall it or did not go back to 
correct the response even if they subsequently understood their error. 

In summary view, these res» .ts are somewhat disappointing, panicularly from a 
general perspective that the test items do not appear to be unusually demanding for secondary 
school students given the level of information presented in textbooks for "first-year biology" 
and in relation to general expectations of what our "best schools" should be able to produce. 
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General Findings 

Within the scope and range of difficulty of the items contained in the Biology I and Biology 
n tests administered to the sample of American students, the results of the SISS survey are 
not encouraging. The generally poor performance of the students on the 25 common items 
contained in the tests administered internationally, and the generally low percentage of 
respondents who correctly answered items containing very fundamental biological 
knowledge, raises serious questions about the academic preparation of many of our 
students in secondary school biology. This point has also been addressed in the repon 
summarizing the United States results of the SISS: "The achievement of advanced science 
students in biology, chemistry, and physics is low. The biology results arc especially low. 
For a technologically advanc^.d country, it would appear that a reexamination of how 
science is presented and studied is required^". Although the international comparative data 
can be criticized on the grounds that the American sample was small (N = 630 from 43 
schools), and therefore may not be representative of all the students, given the diversity of 
American secondary schools; the poor performance of the Biology I Population is less 
easily qualified. This sample of 2,582 students, though only a small percentage of the total 
secondary school biology population, appears to be well documented as a representative 
sample of American secondary school smdents. The mean score for this group (30 items) 
was 12.8. O^^y 42.5% of the items were correctly answered. For the Biology II 
population, the mean (30 items) is 12.7 or 42.5% correct. The poor performance is also 
reflected in the number of students who could not correctly respond to questions dealing 
with very fundamental biological information. This includes among other examples, that 
only 20% of the respondents in Biology I Population could identify where a human egg is 
fertilized, and that 29.2% property recognized that during the process of mitosis, the 
number of chromosomes in the nucleus remains unchanged. Likewise, 37% of the 
respondents in the first-year biology group identified correctly a cell with a solute 
concentration producing a net inward diffusion of water. In a diagram showing aquatic 
organisms, 67.3% correctly identified the animals as a source of carbon dioxide and the 
plants a:i a source of oxygen, while as much as 18% chose the opposite relationship. 
Performance on genetics problems, as found in other studies cited in Chapter Three, was 
uniformly low. In the Biology I test population, 22.4% of the students correctly selected 
the proportion of offspring produced in an ^2 generation (item 23). For a problem 
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involving two traits (item 25) 37.1% properly selected the proportion of offspring with the 
expected phenotype. 

The comparative performance of the students on the 19 anchor items in Biology Test I 
and Biology Test II is also disappointing, '^he first year biology population achieved a mean 
score of 6.6% compared to a mean of 8.4% for the Biology II group. However, certain 
items showed a clear increase. For example, Biology MO concerning interpretation of 
scientific tabular data was correctly answered by 49.5% of population I, while 69.1% of 
respondents in population n correctly answered the question. With respect to the 
conservation of chromosomal number during mitosis (item 17 Biology Test I), 29.2% of the 
first-year biology group answered correctly, while 42.1% of the advanced biology students 
chose the correct distractor. While the increases are satisfying, the rather poor overall 
performance on this item and others remains a disturbing factor. It is difficult to accept that 
less than half of second year biology students appear to understand the principle that 
chromosome number remains constant during the process of mitosis. Approximately 3 1% of 
the population I students correctly identified DNA in the sperm as determining whether an 
offspring will be a female or a male, while 48.5% of the advanced biology students 
responded correctly. There was a negligible difference on an item requiring interpretation of 
zoogeogr^hic data pertaining to speciation. Approximately 45% answered correctly in first- 
year biology sample while 45.9% answered correctly in the advanced biology sample. There 
was some increase in correct responses on the common genetics items. For example on the 
item requiring predictions based on two traits (item 25 of Biology Test I), ^7.1% answered 
correctly in the first-year biology sample while 43.2% answered correctly in the advanced 
biology group. For the item requiring prediction of proportions of individuals in an F2 
generation (item 23, Biology Test I) 22.4% responded correctly in the first- year biology 
sample, while 31.2% responded correctly in the advanced biology group. 

It is encouraging to note, moreover iiat on one scientific process item (number 9) in 
Biology Test I, 83% of the respondents properly identified the conditions that satisfied a 
controlled experiment. Likewise, 70.5% of the Biology Test I respondents correctly 
identified the evidence that would allow someone to identify a carnivore based only on skull 
skeletal evidence (item 4). In the advanced biology group, 70.5% of the respondents 
correctly identified a valid conclusion implied by evidence from a procedure used to 
determine transpiration rate ijm plants (item l9. Biology Test II). 

In the beginning and advanced biology groups, female students' scores were lower 
than those of male students, with the exception of a few items. It appears increasingly clear 
that female students are not obtaining an equivalent educational experience comparei to male 
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students and more intensive research is needed to clarify the factors contributing to this 
difference. 

In general, there is wide diversity in student scores among the schools sampled. This 
has been described more fully for the first-year biology sample in Chapter Five. There is 
little convincing evidence from the background data collected during the Second Science 
Study to explain uiis variability. None of the correlations were considered sufficiently large 
to make a sound inference as to what factors assessed by the questionnaires, and other 
instruments, might account for the variance in student scores. In part, this is not surprising 
since a much more detailed analysis of operations in a school are probably required to 
understand the many socio-cultural and psychological factors that may jointly contribute to 
variations in academic achievement in an educational setting. Given the lack of clear 
empirical evidence to account for the variations in performance within these sets of samples, 
it is not possible to make recommendations from these data that may assist school 
practitioners in improving scores on tests such as these. However, as an aid in furthering 
basic research to clarify these issues, and to help practitioners develop an informed position 
on curriculum reform in secondary school biological education, some comments are 
presented basid on current literature and some results of the SISS study. 

Some Perspectives On Secondary School Biology Curricula 
General Biological Education and Scientinc Literacy 
There is little doubt that educators in American secondary schools are presented with a very 
difficult task in meeting the varied needs of their students. This is occasioned, among other 
factors, by the marked heterogeneity of student abilities, variations in financial and 
psychological support, and the wide range of subjects to be included in four years of 
schooling. In some cases factors contributing to variations in achievement are not directly 
under the control of educators (i.e. cultural and home-background variables, and amount and 
quality of homework) that arc not easily altered by school experiences^-^. With respect to 
homework, the questionnaire data collected for Biology Populations I and II (Appendices C 
and D) show that 55% of the first-year biology students and 54% of the second-year biology 
students spent no more than 2 hours on biology homewoik each week. Approximately 25% 
of the respondents in both populations reported working more ;han 2 hours per week on 
science homework. The remaining proportions of students reported that no homework was 
assigned, or reponed not doing homework. If so little homework is being done on the 
average by secondary school students, and assuming this pattern is not easily altered by the 
school, it becomes apparent that the school experiences must be carefully planned to be of the 
highest possible quaUty. Productive time on task, including sufficient in-depth instruction in 
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scientific concepts and broad organizing ideas in the field, is clearly important to enhance 
achievement in secondary schooi biology. Careful attention needs to be directed to an 
appropriate balance between laboratory-based learning and more intensive knowledge- 
constructing, cognitive tasks that help tne learner develop sound knowledge structures in the 
field. 

The need for enhanced understanding of science as an intellectual enterprise and the 
clear necessity to introduce future citizens to a reasonably comprehensive knowledge of 
scientific principles and broad organizing ideas is often at varianc<; with the dual role of the 
secondary school as a general education environment and a bridge into .ilvanced learning at 
the college level. The broad range of prospective professional and intellectual interests of the 
secondary school biology popuUtion is reflected in the responses to the questionnaire? 
administered by the SISS. It is probably not surprising that the responses to the 
questionnaires in the biology I population show that only 24% intended to take further 
courses in science or applied science, and ca. 25% reported intentions of taking business or 
social science courses. In the Biology n population, 40% plan additional science courses, 
and about 25% rtpoix plans to take courses in social science, business or language. The 
larger proportion interested in science courses in the biology II group is not surprising since 
this is an advanced course which may attract potential science majors. Sixty-three percent of 
the Biology I respond? nts plan to attend college compared to 78% in the Biology II group. It 
is clear, based on these questionnaire data, that even in the more advanced biology courses 
there is considerable heterogeneity in student interests and plans for further education. This 
places a heavy demand on the educational system to simultaneously serve '^^veral populations 
to include both higher order science experiences suitable for the science-oriented students as 
well as the fundamental literacy required by future citizens in other professions, 

i/loreover, as it becomes increasingly evident that many productive positions m 
modem society will be technologically based and require increasing expertise in science, it iz 
necessary to provide a thorough grounding in science at the secondary school level to permit 
access to these positions. Professional mobility is much more common in modem society 
than previously. With increasing opportunities in scientifically-based positions, futuie 
citizens may fina greater need for a sound scientific background to take advantage of new 
professional goals. However, with an increasing emphasis on scientific learning, we must 
not lose sight of the broader aims of the secondary school in educating individuals to be wise 
as well as informed. An education that creates a scientifically elite population without a 
clear understanding of their socio-cultural origins, philosophy of human progress, or 
commitment to community ideals is undoubtedly a shallow gain. Nonetheless, we are 
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equalb /ulneraole to extinction if we fail to recognize that scientific acumen, informed by 
humane' wisdom, is essential for swvival of most modem social systems. 

The need for a biologically literate society is among the mn u pressin^^ demands of 
modem schooling. While not limited to breadth in scientific vocabulary, and certainly 
requiring understanding of science broadly as a process, it is clear that informed citizens 
should at least comprehend the significant ^ of technological and scientific issues that are 
increasingly reported in the news media or in national surveys on science-related topics. 

Few informed, modem science educators would advocate improved scientific literacy 
by rote memorization of arrays of apparendy isolated scientific facts. Yet, it is increasinjly 
clear that without some comprehension of conceptual frameworks, supponed by a minimal 
understanding of subsumed specific scientific ideas, it is almost impossible for members of 
modem society to fully appreciate, or rationally comprehend, the major technical and cultural 
advances being realized. Literacy may be defined in many ways, and only one among 
several current concepts has been proposed here in Chapter One; but it is clear that some 
understanding of scientific vocabulary is essential to ever ihe most rudimentary 
comprehension of public reports on current scientific progress. However, a vocabulary 
composed of list-like definitions of terminology is not only inefficiently leamed, it has little 
transfer value in assisting th^* learner to comprehend and assimilate new forms of knowledge. 
A well organized conceptual understanding if scientific infomiation forming a network of 
logicuily linked constructs can enhance the generative potential of information in 
memory^'8-5. In a balanced view, this does not imply that we should emphasize concepts 
and principles in science education to the exclusion of knowledge about specific facts. 
Although research has shown that individuals typically recall principles more effectively than 
factual information, it should not be forgotten that there is also a substantial psychological 
literature to show that once specific information has been acquired, future recall is enhanced 
upon rehearsal or re-exposure to the content This "savings in releaming" is not a negligible 
factor when complex problems require rapid access to diverse kinds of information in 
reference sources. We io a disservice to our student clientele if we do not encourage them to 
master sufficient pertinent specific information to strengthen their conceptual understandings. 
x.Ioreover, well integrated knowledge structures, containing conceptual and specific 
information ordered within hierarchical network relations, serve as frameworks for future 
releaming and as a base for extension of scientific understandings. The Scientific Literacy 
Model presented in Chapter One, may provide some assistance in planning biology curricula 
to include higher level categories of scicnrific lite^'^cy within a well-ordered sequence of 
increasing maturity of ideas suitable to the cognitive development of the leamer. 



Both conceptual and specific learning is enhanced by iniegradng information within 
reasonably comprehensible knowledge structures and cognitive models of phenomena. 
Various instruments have been developed in recent years for this purpose including concept 
maps^, hierarchical models, network or systems models and thematically based nested 
categories of knowledge'. Conceptual models of appropriate complexity and level of 
abstraction, or hierarchical systems for subsuming information in nested arrays are among 
the general organizing schemes that have been shown to aid meaningful information 
acquisition. For many secondary school students, who are not fully formal operational, the 
organization of information within clearly defined and explicitly referenced themes can 
enhance connected and meaningful learning. 

Within this context, the issue of balance between "unstructured," self-directed 
learning and "more structured," teacher-directed interactive learning becomes evident While 
few modem educators are likely to advocate teacher-dominated lectures as a means to 
efficiently improve scientific literacy at the secondary ^hooJ ;,-vel, it is also unlikely that 
continuous application of open-ended, sometimes less-structured, inquiry lessons can 
provide the necessary conceptual organizing aids that many secondary school students 
require. In the wake of increasing evidence of decreasing performance by our secondary 
school students, some reformers call for a national curriculum in the sciences. We need to 
carefully and critically consider the implications of this recommendation. On the one hand, a 
more coherent set of guidelines and recommended competencies . i be achieved in biological 
education may be welcome. Indeed, some carefully prepared enrichment modules to help 
instructors expand their repenoire of strategies or jther giides to carefully tested learning 
experiences may be helpful in enhancing the quality of American biological education. But, 
do we want to institute a rigid national curriculum that effectively dictates the course of 
instruction in all of our schools? In one respect, the BSCS curriculum was intended to be a 
national curriculum and is oft-times cited as a "Teacher-proor curriculum. That is a 
curriculum that was supposed to be robust enough to overcome deficiencies in the 
instructor's competency. I tnink many would now agree that a concept of a 'Teacher-proor 
curriculum is faulty. The biology instructor is a key, if not the most significant, variable in 
determining the quality of biological education in our secondary schools. Do we want to 
remove most if not all of their power to make reasoned and professional decisions about the 
scope and sequence of content to be presented? Clearly, we all can benefit from guidelines 
for improvement of our professional services and ought to be encouraged to keep up with 
improved methods of instruction. But, do we make significant gains by imposing a rigidly 
prescribed national curriculum that may proscribe the creative and professionally informed 
judgements that we should expect our secondary school teachers to make? 
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One of oi^r most valuable educational resources in our schools is the mature 
understanding that well-educated professional teachers bring to the learning environment. 
This includes skills in leading scientifically-based discussions as a means of improving the 
student's ability to think critically and reflectively about their strategies for drawing 
conclusions. In general, I suspect that our colleagues in the humanities have used discussion 
more extensively and with more thoughtful deliberation about its instructional significance 
than we have in the sciences. In large measure, the burden of student self-directed learning 
has largely been posited in laboratory experiences. Yet, these experiences often pass without 
time to reflect on what was done and why. The experience may be improved by some 
reflective, guided discussion as to the major concepts and principles forming the context for 
the experiences and the scientific reasoning processes employed. When as sometimes 
happens the experiments are not fully successful, a constructively critical evaluative 
assessment of the rationale for the experiment and its investigative procedures can be 
beneficial to aid the student in understanding the significance of the experience. Secondary 
school students, especially, can benefit from interactive dialogue in structured learning 
exchanges with teachers. Maturation in scientific literacy, especially progression toward 
competencies in Quadrant n and higher levels in the Science Literacy Model (Fig. 1.1) can be 
enhanced by content-focused discussion that encourages students to explain and evaluate 
their understanding of biology in broad interconceptual terms. 

Early in the development of the BSCS curricula, the value of classroom focused 
discussion was emphasized. The development of the "In /itations to Enquiry" was intended 
to stimulate greater use of this technique in secondary school biology teaching. Schwab^, 
identified three functions that a well organized discussion should accomplish: 

"1. It should move toward an ui lerstanding of some specific item of 

knowledge. 

2. it should move along logical lines that are consistent with the 
principles of [biological] investigation. 

3. it should stimulate the student to participaie in the activity that will 
lead to the understanding sought." 

These recommendations were intended to help discussion leaders avoid the common pit fall 
of aimless or sometimes bellicose exchanges that can occur among discussants. The second 
recommendation suggests that the discussion leader assist the group in identifying specific 
problems or hypotheses to be discussed usually in relation to an experiment the group has 
read about, observed in a film, or preferably done in the laboratory. This problem area is 
then carefuUv explored by seeking scientific evidence, discrminating empirical evidence from 
opinion, applying consistent anci defensible criteria in making judgements, and clarifying 
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differences in conclusions if consensus is not reached. On the whole, the mature reasoning 
ability of the teacher is essendai as a catalyst to sustain directed discussion and to serve as a 
model of how scientists think. 

This also includes the use of properly organized and prudently distributed expository 
presentations by the teacher to clearly illustrate how a mature and logically -organized 
individual perceives the broad conceptual schemes in a discipline. However, over reliance on 
teacher monologue with little opportunity for students to formulate their own responses to the 
issues presented, or to create critical judgements about what they are learning, is also not 
likely to be productive. Clearly organized presentations that alternate teacher exposition with 
episodes of interaction requiring student discussion and exchange of ideas around higher 
level thought questions and within problem-solving contexts may be a useful adjunct to 
inquiry-based learning experiences. These learning experiences may be enhanced by giving 
careful thought to the design of the presentation so that organizing themes are made explicit 
Student contributions may be recursively woven into the presentation by linking them to the 
explicit theme idea or asking students to summarize their contributions by subsuming them 
within the conceptual idea or scientific principle constituting the theme. The more 
intellectually able student may also be better sei ^d by airanging instruction such that the 
students are challenged early on in a learning experience to deduce the theme of a presentation 
and/ or to suggest ways of further developing the theme. It is clear that the use of explicit 
themes in ordering iiiformation, while assisting the intellectually less-able student, may also 
deprive intellectually gifted students from realizing their full educational potential. We need 
additional practical research initiatives to determine how best to create a sufficiently 
intellectually stimulating learning experience to permit the academically advanced student to 
excel, while also providing for the more structured and teacher intensive interaction needed 
by the less academically able student. Diversity in approaches lo teaching that permit 
students of different backgrounds to benefit from structured learning is clearly admirable. 

While we have con.^^iderable theory to suggest that use of varied patterns of structured 
and unstructured learning is likely to enhance acquisition of stable and extensible knowledge 
structures, v 5 need much more research on this topic to determine what mix is best for 
students of varying mental maturity and in relation to content of varying abstractness. 
Experimental studies, while traditionally a major source of information on improvement of 
teaching strategies, can be augmented by ethnographic and interview techniques to detenr 
which creative teaching strategies employed by master teachers contribute to highest ^ nt 
gains. 

Though there is insufficient evidence to clearly explain the poor test performance of 
American students in first and second year biology of the SISS study, and it is likely that 
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many cultural factors including the role of community and family variables that affect learning 
are involved, we need to carefully assess current biology teaching strategies to determine 
how to improve student comprehension of bisic scientific facts, concepts, principles and 
theories in the field. The test results suggest that students not only responded poorly to 
specific factual items, but also are unable to utilize systems theory and other conceptual 
organizing aids in interpreting biological phenomena. Poor {A:rformance on items requiring 
interpretation of graphs, proponional reasoning, and quantitative problem solving also 
suggests that there is a need for more sustained attention to developing these skills. 

Student Conceptions and Misconceptions 

Within the limits of the distractors in the items of the SISS test, it is possible to analyze some 
of the conceptions and misconceptions of this sample of students. An examination of some 
of the distractors selected by large numbers of the respondents provides some clue their 
understandings. Of course, it is not easy to separate sheer guesring from deliberate 
selection, but if a distractor is consistently chosen by a large percentage of the respondents, it 
suggests a more deliberate decision. 

Some examples will be presented based on the type of content Additional examples 
of incorrect options have also been presented but not fully discussed in Chapter Five. Most 
of the examples will be drawn from the first-year biology group. Comparisons with the 
advanced biology group will be specified. The generally poor performance of students in 
differentiating plant cells from animal cells (e.g. item 5, Appendix A), suggests that greater 
emphasis needs to be placed on observation skills and knowledge of visual discriminators. 
As much as 23% of the respondents thought cellulose, not protein, was found in all cells, 
while 13.2% chose hemoglobin (item 13, Appendix A). By comparison, in the advanced 
biology group, 20.4% chose cellulose, and 8.3% chose hemoglobin. Thirty-three percent of 
the respondents thought that the number of chromosomes doubled in the daughter cells after 
mitosis. This misconception may arise from a failure to discriminate between chromosome 
doubling in preparation for tokinesis, versus the separation of chromosomes during 
anaphase leading to conservation of chromosome number in the daughter cells. On a cell 
physiology problem, 30% thought water would diffuse from a region of higher solute 
concentration to a region of lesser solute concentration. Likewise in the advanced biology 
group, 32% of the respondents made this error. An app/oximately equal proportion of 
students (30%) did not identify !eaf fall in autumn controlled by plant hormones. 
Sweating in humans was thought to get rid of excess salt (19.8%) or excess water (22.9%), 
and ca. 59% thought blood distributes heat round the body. As mentioned previously in 
Chapter Five, 25.7% thought that population growth in the last 1000 years was a linear 
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function, while at least 42% chose an exponential cur\ % but not the appropriate positively 
accelerating curve. The respective proportions in the advanced biology group were 17.9% 
and 4S.3%. In a question on an aquatic environment, 18% chose the option that animals 
produce oxygen and plants produce carbon dioxide. In the advanced biology group, 34.8% 
thought that during photosynthesis, oxygen is produced from carbon dioxide, rather tiian 
from photolysis of water. In both Populations, over 30% thought that organisms can 
"Adapt themselves to changes in the external environment" rather than being a product of 
natural selection. 

The food web question (item 12, Appendix A) elicited responses that demonstrate 
some of the misconceptions found by other researchers studying students' conceptions of 
food webs as summarized in Chapter Three. For example, 35% of the respondents thought 
that making a change in the highest predator in the web (snakes) would produce no change in 
the rest of the population. This is consistent with other reports summarized in Chapter Three 
that state at least 16% of the students held the misconception that altering the density of one 
population would have nc effect on other populations in a food web. In the SISS sample, 
the next most frequendy chosen incorrect response was that removal of a predator at a nigher 
level in a web produces an increase in lower level populations. It is not easy to determine 
what rationale the students used in reaching this false conclusion, but several possible 
erroneous conceptions are suggested here for further evaluation. The food web may be 
viewed by these students as a hierarchical suppressive network. Thus, higher level 
populations are viewed as suppressing lower level populations. While this is true for the 
most immediate prey relative to a predator, the rule does not hold for more distant nodes 
(pe culations) in the network. Consequently, the misconception that nematodes (i.e. prey for 
insect larvae) would increase when the snakes that prey on the insects are removed may result 
from an overgencralization of this suppression rule. Alternatively, the trophic network may 
be misconstrued as a "source and sink network" with the highest level population acting as a 
sink for lower level populations. By removal of the highest level population, the magnitude 
of (he sink would be increased, resulting in greater output of the source(s) further down the 
network. Additional analytical studies are needed to determine which of several erroneous 
generalized interpretations of these kinds are used by students who consistendy make errors 
in analyzing trophic network systems. 

As presented more fully in Chapter Five, when item response errors are analyzed for 
schools in the lowest decile as compared to the highest decile, it is not surprising to find that 
student responses are markedly different. For example on item 10 in Biology Test I 
requiring interpretation of tabular data, none of the respondents in the highest decile group of 
schools chose the incorrect distractor labelled A that posited "The larger the animal, the 
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greater the protein concentration in the milk;" while 7% of the students in the schools in the 
lowest decile chose this response. This response, incidentally, may indicate that the student 
is unable to use correct correlational reasoning. Over 77% of the students in the schools in 
the highest decile answered correctly that "The greater the protein concena-ation in the 
mammal's milk the faster the newborn baby will double its weight." In the lowest decile 
schools only 23.6% chose this response. Interestingly, if the student understands 
correlational reasoning, but compares data only in columns one and cwo of the table, this may 
lead to the incorrect conclusion of option A. Some other consistent differences as set forth in 
Chapter Five, all point to a tendency for certain schools to have a high incidence of 
misconceptions as reflected in student's responses. The origin of these consistent biases 
were not determined, based on the data available from the SISS. However, this trend 
suggests that more in-depth analyses of individual schools is needed to clarify what 
organizational and instnjctional factors may account for differences in school outcomes. It is 
also desirable to determine if the students in the apparently lower achieving schools are 
indeed as poorly prepared in biology as these items imply or whether some other biasing 
factt)r may be mitigating their performance. These preliminary findings ho.v^iver suggest that 
there may be major differences in the way students in some institutions are perceiving 
biological information as compared to rhose who succeed on these kinds of tests. Some of 
these differences may be explained by using interviews and the ''thinking aloud*" technique 
to probe for differences in information processing by those students who succeed compared 
to those who consistentiy choose incorrect responses. In the foregoing examples of 
student "conceptions," it is interesting to note that many of the examples where students 
made incorr :t choices of options involve interdisciplinary topics requiring use of knowledge 
from matJiematics, physical sciences, or systems theory. Since we have no evidence of the 
comparable difficulty of the items, it is not possible to come to a firm conclusion why 
responses to these items were among the poorest. But, it suggests that greater attention is 
net led in developing acumen in integrating information and skiL from o^her disciplines wi*Ji 
biological knowledge. In some cases, performance on items with systems diagrams (i.e. 
network diagrams as in food webs or other ecological interactions) elicited the poorest 
response. Additional attention to "systems thinking" in secondary school biology curricula 
may help to ameliorate this apparent deficiency. A wide range of topics can be addressed 
within a systems perspective. The concept of the cell can be taught as a systems-concept 
rather than a collection of struciural-functional units. In a systems persp<»ctive, the 
component parts are interrelated around principles of interaction that explain how their 
respective functions contribute to the stability and ordered working of the whole. Similar 
use of broad systems theory applies to explaining die stable functioning of organismic 
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systems (nervous system, circulatory system, etc.). Ecological concepts are readily 
embedded in systems-based paradigms^-8-9-i2 and can be used to illustrate broad organizing 
principles of systems theory beyond reductionistic examples chosen from cellular and 
molecular biology. The systems theory models need not be highly abstract to serve the 
organizing functions required for transfer to other topics. Indeed, for many secondary 
school students, the use of systems theory will need to be introduced as concretely as 
possible, particulariy at the first presentation. However, by consistent use of these principles 
across biological topics, positive transfer of learning to complex systems such as hierarchical 
food webs and population dynamics may be improved. Concepts applied from systems 
theory offer a potentially sound basis ^or ordering and interrelating topics within general 
biological education cuiricula. 

Biology Curriculum Organization 

The rationale and sequential organization of secondary school biology curricula need to be 
critically examined in the light of current psychological theory and pertinent content- 
organizing principles derived from the biological disciplines. One of the objecdons raised 
against a national curriculum is that it tacitly suggests that there is c nly one way of effectively 
organizing biological knowledge. The BSCS Committee addressed this dilemma by 
constructing three textbooks emphasizing different themes in biology. The varying levels of 
difficulty of the texts and differences in content emphasis allowed flexibility in matching the 
texts to teacher competencies, student interests and student academic preparation. 

No information was obtained about the textbooks used by students in the first-year 
biology or advanced biology samples, therefore it is not possible to determine if there is a 
relationship between performance and the kind of textbooks, or their mode of use. 
However, in the preliminary survey data collected in 1985 to 1986, Weiss^^ reports that the 
most commonly used biology textbooks reponed by the schools sampled in grades 7 to 9 
were Focus on Life (Merrill), Modern Biology (Holt, Rinehan and Winston), and Life 
Science (Scctt, Foresman). For grades 10 to 12, encompassing the populations studied here, 
the texts used most often were Modern Biology (Holt, Rinehart, Winston), Biology - Living 
Systems (Merrill), Modern Human Physiology (Holt) and Biology Everyday Experience 
(Merrill). 

When teacher's opinions were obtained about the quality of textbooks used in grades 
10 to 12^^, 85% of the sample judged the textbook in their school to be "Clear and well 
organized.- Likewise, 74% responded that the textbook "Explains concepts clearly." 
However, there is no repon of the instructors* opinion of the quality of the sequential 
organizati jn of the textbook, nor to what extent the instructor chooses a different sequence of 
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readings than the order presented in the text. Given the variation in breadth of concepts 
presented, and the variations in general organizing perspectives contained in different 
chapters of a book, the order in which they are read and the way the curriculum is sequenced 
can be profoundly important to the quality of learning by tenth grade students. 

The issue of how to establish a broad understanding of biology at the outset of a 
leaiiiing sequence, while also providing essential fundamental knowledge and skills requisite 
to specialized topics, has long been a predicament in designing secondary school curricula. 
Some textbooks begin with a survey of the history, philosophy and methodologies of science 
followed by cell theory and basic biochemistry. This kind of introduction may provide a 
good overview of science as a discipline and provides fundamental defuiitions of life using 
the cell as unit of structure and function, but to what extent does it give the student an 
understanding of the broad organizing principles of biology and unifying characteristics c f 
life amidst diversity oi species? There is also the perennial question of how well students are 
motivated by this initial experience. Alternative plans might include an introductory unit on 
broad principles of physiological ecology preceded by a survey of scientific history and 
philosophy. A comprehensive overview of human ecology in a comparative physiological 
ecological context extending downward to include protozoa and prokaryotes (fundamental 
microbial ecology) could both set an overview of major systems views of biology and permit 
introduction of cell theory in a context of "unicellular physiological ecology." This 
approach has been used in organizing a text on Protozoan Biology^^. a general introduction 
to the role of humans in an ecosystem and our physiological relationship to the environment 
(both physical and cultural) may provide a motivational incentive for farther interest in 
biological topics of a more specific kind. A flow-chart outline of an example of this kind of 
general biology curriculum is presented as Fig. 6.1 (p. 92) in a subsequent section titled "A 
Systems-Based Model of a General Biology Curriculum." The broad base of principles and 
patterns established through an overview of physiological ecology at the outset of such a 
general biology course is followed by additional units addressing cellular, tissue/organ, 
physiological, and population topics in a systems perspective. Topics in genetics may be 
introduced at a mid-point in this sequence at a time when sufficient quantitative skills and 
symbolic learning favor readiness to comprehend the abstract ideas. Furthermore by 
introducing the topic of genetics at an appropriately earh' point, additional applications and 
practice with the quantitative conceptions could be provided in subsequent units on 
evolution, and advanced ecological concepts. In general, whether the curriculum begins with 
molecular and cellular topics or more general topics within the biological hierarchy of ideas, it 
is widely recognized that embedding the content in si tably simplified organizing contexts 
will enhance knowledge structuring. Moreover, if the problem solving and skill acquisition 
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phases are ordered to include them within broad contexts that may have application at a later 
point, dien transfer of learning is most likely to be enhanced and opportunity for future 
practice and mastery of the skills is potentiated. 

Context*based Acquisition and Transfer of Learning 

It is not clear to this author to what extent modem, secondary school biology curricula 
provide a structured, conceptually-interrelated context to encourage student learning within a 
knowledge framework that permits recursive appUcation of knowledge and skills toward 
mastery of scientific content. Most predictive models of mastery learning (e.g. see Chapter 
Four) assume that recurrent practice, appropriately distributed and included within the most 
relevant context for furth^ r application, is required for full mastery of content. In many 
cases, textbooks appear to contain a well-ordered but sequentially disjunctive set of chapters. 
These provide little opportunity for students to build scientific thinking skills or to re-apply 
prior gained information and skills to new content. As a consequence there is littie 
opportunity to acquire biological competency in a systematic and increasingly refined context 
If this contextual framework is lacking in many .;jxtbooks, it is equally unclear if teachers 
have implemented such an overarching framework to provide the kind of structured learning 
that may enhance mastery of biological content Recent publications decry the plethora of 
terms that biology students are usually required to learn (as also cited ir Chapter Four) 
These studies, using a limited number of sample words, often show little gain in word 
knowledge across grade levels. In some cases, recommendations are made to reduce the 
number of scientific terms to be learned. However, it is also widely recognized that the 
biological sciences, more than other sciences, are based on diverse categorical kinds of 
knowledge that often require more vocabulary acquisition. While it is reasonable to decry an 
over-reliance on learning rote terminology, it is not reasonable to assume that young people, 
who are in one of the most productive phases of their intellectual development, cannot be 
exposed to a wide diversity of words and ideas. The question may be expressed more 
productively as "what context for, and recursive use of, word units best enhances 
meaningful acquisition of biological ideas. A corollary to this is, "What learning 
environments provide an efficient means of acquiring biological words and their meanings in 
a way rhat permits widest application to, and subsequent cognition in, similar or divergent 
contexts?" This also suggests that a greater effon is needed to systematically identify 
V0C2* alary that is most productive for future scientiuc growth and an ability to comprehend 
scientific communications. Given the frequentiy cited problem of excessive terminology in 
biological education, we may need to examine how to use scientilfic word etymology more 
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effectively. To increase the efficiency of teaching word comprehension in biology, the 
major classes of terms used in biology can be identified and the major semantic elements used 
to classify them into contextual categories can be set fonh. This could especially aid the 
student who is destined to be a citizen consumer of scientific information and at least needs to 
be able to conceptually categorize the general field of science that is referenced by the 
communication, if not to make a more complete interpretation of its meaning. We need 
additional research to clarify the most appropriate strategies for developing these conceptual 
categorizing skills, and the best sequence of experiences to ensure an orderly and 
psychologically sound set of maturational experiences. 

This problem includes development of quantitative reasoning. It appears that biology 
curricula give litiic systematic attention to developing a continuous program of maturation in 
quantitative skills. Basic madiematical tools are introduced sporadically, usually when tiiey 
arc applied to problems in genetics, physiology, or sometimes in interpreting ecological 
processes. Unfortunateiy, this sporadic introduction sometimes also comes in conjunction 
with science learning thai is highly abstract. This is particularly true for learning genetics. 
A more reasonable approach might include early attention to applying fundamental 
quantitative skills in varying contexts as tiie biology curriculum progresses. Proportional 
reasoning can be used at varying stages of the curriculum, especially commencing early in tiie 
program, to better prepare students for application of proportional reasoning to genetics when 
it is introduced. This also pertains to the construction and interpretation of graphs. In 
Chs^ter Five, Uie conrelational data suggest tiiat basic matiiematical competencies as assessed 
b^ the SISS. mathematics test account for a significant amount of variance in the 
performance on Uit Biology Test items. These data, while not perfectly controlled for otiier 
contributory variables, suggest Uiat enhanced understanding of basic matiiematical principles 
can transfer to biological problems of the kinds presented in tiie SISS test items. 

A systematic and carefully planned program of introducing quantitative reasoning 
skills in tiie context of learning tiiat is most likely to be useful at a later point is well 
considered. For example, while studying cell mitosis and meiosis, early attention to 
proportional reasoning may provide transfer value to latter applications in generics when 
proportional reasoning is applied to predict genotypes of offspring. By providing practice in 
determining proportions of chromosomes distributed to daughter cells during meiosis, the 
students may become more adept at using these quantitative skills when the meiotic events are 
applied to genetics problems at a later point in tiie curriculum. The general practice of 
teaching biology as a non-quantitative discipline may also be broadly deleterious to tiie 
student's advancement in science education at tiie secondary level. Given our current 
se(iuential arrangement of courses, progressing from biology to chemistry and often 
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culminating with physics in the twelfth grade, insufficient anention to quantitative reasoning 
skills in the tenth grade and earlier in pre-secondary school science counes may limit the 
student's ability to transfer knowledge gained in mathematics courses to more quantitatively 
based disciplines such as chemistry and physics. Applying qu:niiiiative skills to biological 
phenomena may not only reinforce mathematics learning, but provide a more logically 
interconnected and stable understanding of the biDlogical information. It is clear, however, 
that the applications need to be carefully planned to match the intellectual level of 
development of the learner and to best complement the biological phenomena being 
presented. Forethought is also required to introduce those mathematical skills in the context 
most appropriate for later use in the biology curriculum to ensure that the quantitative ideas 
arc reinforced and used sufficiently often to produce reasonable levels of mastery. This is 
also true of basic scientific reasoning skills that are often introduced once or several times 
sporadically and never applied again. 

Particular attention is needed toward refining our strategies in teaching genetics at the 
secondary school level. Current research as cited in Chapter Three indicates that the problem 
is compounded by the interaction of several variables including: 1. limitations of formal 
reasoning ability of the smdents, 2. th? abstractness of the concepts, 3. high cognitive 
demand occasioned by the use of symbols in representing generations and genotypes, etc., 4. 
the conjoint demands placed on the students of applying quantitative skills at the same rime 
they are required to comprehend complex gene interactions, and 4. the prevailing practice 
of teaching genetics in isolation from other biological content thus reducing the opportunity 
for students to gain mastery of the content by practicing problems and applying genetics 
concepts in appropriate diverse contexts. While there is limited evidence to suggest that we 
can improve particular aspects of formal reasoning level of students by sustained and 
intensive intervention, it is unlikely that major changes can be induced in the course of time 
available to the biology instructor before genetics is taught Perhaps, a more intensive effort 
beginning in the elementary school and extending into the junior high school might improve 
the situation. Current evidence, however, suggests that the problem is complex and that it is 
more productive to adapt instruction to match the cognitive development of the snident than to 
expect remarkable changes within a short period of time. Therefore, more careful planning 
and preliminary preparation through presentation of enabling concepts and skills in advance 
of genetics instruction may improve the students capacity to comprehend the material. As 
mentioned above, some careful attention to applying symbolic notations and quantitative 
skills while teaching cell meiotic processes, coupled with clear discussion of the relevance of 
these phenomena to reproduction and gene segregation, can serve as an advance organizing 
perspective to aid student comprehension of genetics concepts involving gene segregation 
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and recombination. Funhermore, greater care in using consistent concrete representations of 
meiotic events along with symbolic representations may enhance later transfer to generics by 
using the concrete referents to bridge into the more abstract relations represented by genetics. 
For example using figural representations of cells and chromosomes along with the symbolic 
representations in a consistent way can serve as a place keeping device for the students as 
they gradually master the symbolic expressions assigned to alleles in genedcs. Furthermore, 
planning instrucdon to carefully order problems from more simple to complex and providing 
sufficient in-depth practice of a given problem type using diverse examples of living 
organisms, may enhance mastery of genetic concepts. It is probably wise to embed each 
problem set in a sufficientiy broad context of examples to enhance generalizability of the 
learning. There is a wide literature base presenting examples of genetic crosses for diverse 
organisms spanning protozoa to humans Moreover, current information processing 
paradigms suggest that for teaching genetics, as with other high level learning, active student 
involvement is important in acquiring and applying genetics problem-solving skiiis. 
Examples of interactive techniques to encourage student discussion and application of 
genetics problem solving skills have been published previously. These include the use of 
"Breeder's Problems" to stimulate students to use practical examples of animal and plant 
breeding problems while learning basic genetics concepts Computer programs are also 
available^ some of them well designed, to encourage creative applications of genetics 
problems using examples of organisms that are familiar to most secondary school biology 
students^O. 

While exposure to a broad range of experiences is undoubtedly enriching during the 
cognitively important formative years of adolescence, some attention r j developing a sense of 
precision in one's work, and an appreciation for quality in one's product, is also of 
importance to further academic work in science education and in preparation for 
responsibilities as a citizen. Toward this end, much greater attention is recommended toward 
encouraging students to apply skills in varying contexts to increase skill mastery, rather than 
dispersing learning over a broad range of experimental techniques and diverse scientific 
reasoning skills. Moreover, a clear conceptual preparation for laboratory experiences 
should precede most complex enquiry laboratory learning experiences. It is neither 
scientifically sound nor cognitively reasonable to expect that many of our secondary school 
biology students can enter into an open-ended laboratory experience and master both 
scientific skills and re-invent basic scientific knowledge. A clear construction of intended 
goals, plans for procedures, and relevant background knowledge for experimental tasks 
should precede laboratory learning. To do otherwise is to inculcate an erroneous attitude that 
scientists enter the laboratory intellectually unprepared and begin experiments without 
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preliminary attention to theory or conceptual rationale. Laboratory experiences should be 
carefully designed to progress toward increasingly formal and more complex skill usage. 
And each laboratory in so far as possible should be fully integrated within a theme of the 
curriculum that has been sufficiendy explored conceptually to provide a sound knowledge 
structure for the laboratory experience. 

A Systems-based Model of a General Biology Curriculum 

The flow-Chan in Fig. 6. 1 (p. 92) contains a sequence of topics for a biology curriculum that 
exemplifies one plan of using broad organizing principles at the beginning of the curriculum 
experience to set a framework for subsequent learning and provide the basic experiences with 
scientific and quantitative skills to be used recurrendy in subsequent units toward mastery of 
the content The flow-chan is divided into thematic units (rows) containing subunits (boxes) 
connected by horizontal arrows and assembled in a stratified sequence (vertical arrows) 
showing the temporal order of the experiences. Each subunit also is labelled witfi the 
approximdie percent of total curriculum tin"? that could be allocated to it This i$ only a guide 
and certainly is not an invariant prescription for time allocation. 

The first thematic unit is an introductory unit on scientific inquiry principles focused 
OR a comparative analysis of some research strategies and their rationales used in ecology, 
experimental physiology, and ceUular and molecular biology. This Unit provides a historical 
and philosophical rationale for scientific research compared to other ways of explaining 
experience. More importantiy, it should introduce fundamental ways that biologists think 
about the field as represented by different subdisciplines. Thus, analyses of ecological 
research paradigms should include die use of quadrats and proportional reasoning as applied 
to proportions of species occupying a quadrat. Graphical representations of gradients 
temporally and spatially can be introduced as one of the tools (diough not exclusively) 
employed by ecologists to represent variations in species geographically and temporally. 
Diversity of species occupying a region can be represented by diversity indexes. Population 
growth curves car» be introduced at this time. In general, a first understanHiny of systems 
tfieory should be presented showing network diagrams (e.g. foodwebs, exchange of gases 
such as oxygen and carbon dioxide, etc.). Examples of controlled experiments in ecology 
can be compared to those in experimental physiology. The role of basic systems theory in 
undcntanding the physiological functions of living c/ganisms may also be introduced at Uiis 
time to reinforce the conceptions introduced earlier in the unit in die context of ecology. 
Modem tools of cellular biology including electron microscopy should be consideiwl here. 
Quantitative measures applied to structures in electron micrographs, compared to Uiosc in 
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light micrographs, can clarify the enhanced resolving power of electron optical instruments. 
Moreover, skill in proportional reasoning can be practiced by computing magnifications and 
comparing sizes of objects as viewed in light micrographs with those in higher magnification 
electron micrographs, etc. 

The second thematic unit (row 2) introduces the student to highly general organizing 
principles about the nature of living systems, beginning with an exploration of human 
physiological ecology (Subunit 2A). The objective of this subunit is to set forth some 
characteristics of life (nutrition, metabolism, irritability, growth, and reproduction) in the 
context of how humans have adapted to their environments. This unit permits exploration of 
nutrition, growth (individual and populations), basic modes of adaptation to varying 
environments, role of fundamental metabolism and homeostasis, and reproduction in a 
context of physiological ecology. Emphasis should be placed on patterns and general 
organizing principles with sufficient concrete exemplars to make the generalizations 
undcntandable by students who are not fully formal operational. The second subunit (2B) 
considers these themes in the context of animal populations, then plants (2C), and finally 
protozoa and microbes (2D). The latter subunit is used as a transition into a unit on cellular 
biology. The functions of a cell arc introduced here for the first time as examples of 
adaptations by unicellular organisms, thus establishing a meaningful context for a discussion 
of the varied cell organelles and their functions. Subsequently in Unit 3, these cell concepts 
arc generalized to include those in a!l organisms (distinguishing between prokaryotes and 
cukaryotcs). The essential organizing principle of the transition from Unit 2 into Unit 3 is to 
use the prior general ecological data on the nature of life to explain how unicellular organisms 
have adapted to their environment This is a structural-functional theme organized around 
autecological topics at the cellular level. That is, the physiological ecology of individual 
moneran and protozoan species is presented as an exemplar of more general ways organisms 
adapt to their environment Since Protista are single-celled organisms (yet some are quite 
large as for example Blepharisma sp., Spirostomum sp., or Physarum, known as the 
slime mold), the role of their cellular components in maintaining stable life processes can be 
made vividly and concretely clear to secondary school students. Moreover, some are 
sufficientiy easily maintained and observed in the laboratory to allow inquiry laboratory 
experiences with the organisms to expand student knowledge and skills in cellular 
physiological ecology. This emphasis on the role of cell organelles in maintaining the life of 
a unicellular organism helps to eliminate the abstract and ro^e quality of learning that 
sometimes accompanies cell topics when introduced as the unit of structure and function of 
life quite apm from the adaptive features of relevant organisms. 
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The third unit fully explores the functioning of cells, once again in a context of 
structural functional relations, but in a more general perspective. The concept is enlarged to 
include the cell as the basic unit of structure and function for all living things, including 
higher forms of life. The cell cycle is presented with a clear emphasis on mitosis and 
meiosis in a context that will transfer to genetics (as described in Chapter Six). Throughout 
these fint two units, quantitative skills are used to interpret graphs, especially population 
growth curves (applied repeatedly throughout subunits 2A to 2D), proportions are used to 
express, among other concepts, the proportion of nutrients consumed in various foods, 
demographic and population data for organisms in various geographic locales, and use of 
mathematical formulas for diversity measures. In the transition into the topic of cell science, 
symbolism is introduced to mark chromosomes, identify biochemically significant 
compounds, and thus prepare the students for the more abstract learning in genetics. If the 
class is more able, genetics can be introduced immediately following the cell unit (Unit 3), 
but if they are less- able, it is probably best introduced more midway into the course of study 
after the physiology unit (Unit 4) as shown in the flow chart 

Unit 4 is a structural functional analysis of organs and systems in a context of further 
explaining the broad physiological ecological adaptations presented in Unit 2. Here, 
however, progression in subunits is from the "simpler organisms" to the more complex 
culminating in a major examination of human biology. This progression links naturally into 
the last topics of Unit 2 and also Unit 3, and provides a quasi-phylogenetic sequential survey 
across taxa that will serve as a contextual organizer for the evolutionary topics immediately 
following the genetics unit. In Unit 4, the emphasis is on expanded systems theory. 
Organisms are examined for structural functional coirelatej to explain how they sustain a 
balanced set of processes exempUfied by the basic life characteristics introduced in Unit 1 
Thus, plant organs and their physiology are examined for stnictural-fiinctional relations and 
coordination of action to explain how they have adapted as primary producers in terrestrial 
and aquatic environments. This is foUowed by an examination of invenebrates of increasing 
complexity, with an emphasis on systems analysis of their physiological functions. At each 
level of increasing organismic compl(;xity, the qualities that make them more efficient, and 
hence better adapted, are set forth. Finally, human physiology (subunit 4C) is examined in 
the context of adaptations that mainwin life processes at a finer level than introduced in 
subunit 2A. A more complete analysis of physiological systems is made including the 
corresponding systems that mediate life functions, e.g. digestive system (nutrition), 
circulatory system (nutrition and homeostasis), endocrine system (homeostasii and control 
of growth, etc.), nervous system (irritability and coordination), and skeleto-muscular system 
(support and locomotion), reproductive system, etc. 
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Genetics is introduced in Unit 5, if it has not been introduced immediately after Unit 
3. This should include molecular genetics. Classical genetics topics, moreover, can be used 
as an explanatory principle for the continuity of life, and as an explanatory mechanism for the 
varied structural-functional adaptations introduced in the foregoing units. It also sets a 
perspective for evolutionary biology by providing a mechanism to be used in explaining 
among other concepts natural selection, and survival of the best adapted. The basic 
quantitative skills developed here are used recursively throughout the evolutionary discussion 
and subsequent population biology subunit to explain parent-offspring relations and the effect 
of natural selection on population composition. It is critically important in this curriculum 
perspective to apply the genetics principles recursively throughout subsequent sections in 
appropriately simplified problem contexts to p<?rmit practice and mastery of analyzing 
genotype and phenotype proportions produced by genetic crosses. 

The evolutionary survey commencing in Unit 5 (subunit 5 A) provides a broad 
introduction to the kingdoms of living organisms and also allows tax'>nomy to be introduced 
in a meaningful context of phylogenetically based categories of living things. This is 
foUowed by discussions of populations, and ecology (amplifying the information provided in 
Unit 1) including community, ecosystem, and biome analyses. These icpics progress 
through a discussion of community structure (subunit 6B) and larger ecosystems concepts 
(subunit 6C). Considerable care should be given to applying fundamental quantitative skills 
acquired in Units 2 to 4 and expanding the students' understanding of the kinds of contexts 
where the quantitative measures are appropriate. Additional practice in analyzing food webs 
and ecosystem network diagrams, and using graphical and numerical skills, should be 
provided. 

A final unit on environmental science (Unit 7) may be presented. Where appropriate, 
quantitative skiUs acquired in Units 1 , 2, and 6 are re-applied here including graphical 
analyses of population growth, network models of communities (including foodweb 
analyses) and the varied mechanisms whereby populations maintain a reasonable degree of 
stability in the face of varying environmental pressures. The dynamics of predator-prey 
interactions, growth and death rates in populations, and the synergistic or inhibitory relations 
among species in communities should also be explored using appropriately simplified 
mathematical models or representations. The role of humans in maintaining these delicate 
balances, both as an aesthetic and practical measure, should be explored as a constant theme 
throughout this final unit 
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Figure 6.1 A now<:han of a Systems-Based General Biology Curriculum 



Units 



Themes 



Introduction to scientific inquiry in a context of comparative analyses of 

ecological physiological, and ceUular-molecular research methodologies. 

(15%) 



J 



2. 



A. Human 
Biology in 
abioM eco- 
logical view 
iMsedon 
physiological 
adaptationi^ 
(5%) 



B. Animal 
Biology in 
abroad eco* 
logical view 
based on 
adaptations 
as in A. 

(5») 



C Plant 
Biology in 
abroad eco- 
logical view 
based on 
adaptations 
as in A ft B. 
(S%) 



D. Protistai 
ft Microbial 
eoolo^with 
a transition 
into cellular 
function of 
dieje unicells 

(5%) 



The organizinff principle for this unit is the idea of organismic adqitation to varied 
environments beginning with humans as the most immediately relevant and closest 
experiential base for the students. Basic quantitative skills of intenmting graphs 
of poiMilation growth, species diversity, and proportions of individuals in a geo- 
gn4>hical locale, includmg nutrient composition analysis by proportions, are used 
throughout AtoD. In each subunit, the infomution is onlered within a Aeme of 
die basic defining attributes of life. Obtaining energy, Metabolism, Growth, 
Reproduction, etc. The structure-functional analysis of unicells leads into unit 3 . 



3. 



The cell is presented first in a context of physiology of prokaiyotes and eukaiyotes 
using structure-functional analyses witiun a systems perspective of oiganelle 
interactions, including biochemistry. Then it is genoalized to higher organisms. 
(10%) 



4. 



J 



A. Plant Anatomy ft 
PhysioL in a systems 
penpective. 
(3%) 



B. Invert ft vert 
Anat ft Physiol, in a 
systems perspective. 
(10%) 



C. Human Anat ft 
PhysioL in a systems 
view. 

(lS-20%) 



The sequence is intended to link into the discussion of protistan cellular dynamics 
and progress from phylogenetically lower to higher organisms. This sequence and 
its concurrent context of a systems penpective of organ interactions (increasingly 
efficient adaptations to environmental pressures) is used as an oiganizing structure 
for the following topics in genetics and evdutionuy biology. 

? " 

(Continued) 
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Figure 6.1 (Continued) 



The basic principles of genetics are introduced as an explanation for the diversity 
of fonn and function presented in preceding units. The quantitative skills used 
in Units 2 through 4 are further expanded h^re by symbolic, gn^hical and auan. 
analyses of Mendelian genetics. The concepts are introduced as a rationale ror 
explaining evolutionary history as presented in the next unit Molecubff genetics 
is introduced here, and its historical origins in prokaryote research is set forth. 

(15*20%) 



J 



A. Evolutionary & 
Population Biology. 
The concept of sp^s 
is presented as a unit 
of population and as 
a product of evolution 
with genetics used to 
explain natural selec. 

(5%) 



B. Community BioL 
A systems view of 
the interaction of 
populations in a syn- 
ecological perspective. 
An expansion of Unit 
2 to include additional 
use of evolutionary & 
genetic concepts. 

(5%) 



C. Ecosystems 
and Biome Analyses. 
The major habitats and 
the organisms adapted 
to them are discussed 
as a higher order 
systems concept 



(5%) 



This unit is designed to expand the generalized perspectives in Unit 2 to include 
a more refined analysis of populations , the evolution of species, and their 
interactions in a systems view of synecology. Quantitative skills of grzphing 
population growth, species interaction (e.g. predator-prey interactions), diversity 
indexes, and mapping ecological concepts as graphical expressions are \ist± This 
is intended to expand the systems thinking skills of the students, aid mastery of 
quantitative reasoning skills, and bring the foregoing knowledge structures into a 
nK)re coherent and clearly linked framework of concepts. 



7. 



This unit may include a survey of environmental science as a way of bringing 
the curriculum to a full circle, closing back upon the general ideas of human 
ecology introduced in subunit 2A. Out relation to tte environment in a systems 
perspective and our responsible use of the environment may be included here. 

(15%) 



Note: The percentage time given for each subunit is a general approximation* 
Adjustments in time allocations should be made in relation to smdent preparation, 
community interests and ideals, and the interests and best insights of the instructor. 
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Comment 

On the whole, it is clear that with respect to some of the most pressing questions of 
how to organize instruction for maximum transfer to new learning situati'^ns, or particularly 
to future applications beyond the classroom, our knowledge is limited Moreover, the wide 
range in student test scores and the large variance across schools reported from the SISS 
research, highlights the heterogeneity of U.S. schooi populations. This suggests that 
additional attention to curriculum reform in the light of student individual differences may be 
necessary. Current research, using information processing paradigms, methods of exploring 
the relationship between student construction of knowledge and classroom teaching 
strategies, the role of communication and cognitive structure in mediating knowledge and 
skill acquisition, promises to yield new insights for future applications. This summary has 
presented many more questions for further research and for curriculum produa development 
than it has provided answers. I trust, however, that it may stimulate thought about creative 
and diverse ways of organizing secondary school mstruction to make biology learning both 
more enjoyable and academically sound. In this most important task, the secondary school 
biology instructor as scientist and instructional expert can serve a significant role« 
Moreover, by combining their schoha-ly, practical knowledge with results from investigations 
at research centen, we should be able to make significant gains in the quality and quantity of 
science acquired by our secondary school students. No task is of more fundamental 
importance to our society, nor of more lasting consequence to the development of an 
intemationaUy infomied and literate global community. 
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APPENDIX A: 
BIOLOGY CONTENT TEST I 



THIRTY BIOLOGY TEST ITEMS PRESENTED TO FIRST- YEAR 

BIOLOGY STUDENTS 



NOTE: Item analysis data are presented in a chart following each 
item as explained in the following sample diagram. 



Year of tesdng when die same item was used for coaqMiisoaanKng groups 

|e fioap tested: Blaliiy«rbiotogy.B2a2iidyivbiology.lal0^.oMiorifaai|nid« 
Iter <^ ««i>*d.M>'2> 14^<iU< oravdvdm indt (m P.49) 




Teit itm immber and % of req>oodentt wilo 
answered coirectly in U^. mi Ind. sampks (see pp. 61-62). 

X(OTL • Teicher ndng of siiidems' 
opportunity to leam test item content) 

* OIL (%) PL OUL 
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A It caola ywir ¥o4y. 

I It katpa yaur tkis aaiat. 

C It kttpa fm froa catckiftt rol4. 

0 It gata tii af tkt mH U yMir Wdy. 

K It lats tii uctaa watar la yaiir ^•4f, 

% coTTtct on (%) Ft. 

Y mt Fop It— • ^ 1 1 Pfilg kalt Int'I lUtinis lis. 

ii'u II ^i. f liA n.i lU *^ 

IMS a HWH 41J g4.5 54.ft .i? 

3 mut adaftatioa cUraetariatiea aaa prt^Wy U F^"^** 

A laria laaf araa aa^ a Uick iapacMabla Itaf aarfaea 

1 laria Itaf arta aa4 a larta abaarbiat aarfaet 
C aMll Ital araa aa4 a Xarta abaarbia« raat aarfaca 

0 9mA laaf araa aa4 a tklcli, fantabla laaf aarfaea 
K a^ll laaf araa ^»ad a iMll abaarblag raat aarfaea 

% Cerrtct OTL (%) Pt, 

4 A tirl fauB4 tbt tltull a^ ca aaiaal. tta 414 aat kaaw aUt tha aaiaal 
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A Tba tya tackata facad aidavaT*. 

1 Tba akall aaa aacb laagar tbaa it aaa yida. 

C Tbara waa a prajactiai ridga alaa« tba tap af tba akuU. 

0 Faar of tba taaU <iara laag aad faiatad. 

K Tba Jawft coald aava aidawaya aa aall aa af aad dava. 
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D Tbtrt Mt ll' tlo grill laJ May fosoo. 
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• (a) la av^iaa aa4 (k) la catWky^rata. 
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% Corrtt on (%) ft. 



Ymt 


9«p It« t 


All 


F4M1* 


Ntlt 


IntU 


Ratiait 


Bis. 


1910 


11 


■lOil 


i7.S 


•7.9 




NA 




.34 


19IVI4 




SN07) 


W.4 


•2.9 


••.• 






.» 


19I9/I4 






75.S 


73.1 


-irr 




- NA 


.34 






111/3 


11.3 


7ft.3 


•4.7 








l./b 


9N i 




M.4 


••.• 











ERIC 



I9M 


2 




•Z.4 


•0.0 


' <S.I 


NA 




.S4 








75.4 


•9.9 


71.7 




U.6 


.39 


1970 


"T 


CUli 


•4.1 


•3.2 


ftS.2 


49.7 







J 09 



iwmiUTiomL tciiMci rnat 



tACI 4 



Yttr 



1516 



Urn tMdt |«niMt« (ttart to grow) la U« dark, oUort im th« 

lifht, vhilo otk«ri ftniiBAta tnuall? voll !■ U« 4«rk ar tha litht. A 
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atvtpar^ar aad 

k ktap tkaa ia a van placa ia tko dark. 

B katp oat katck ia tka ligkt aad aaotkar ia tka dark. 

C kotp tkoa ia a van placo ia tka ligk:.. 

D put aoM oa dry aowapapar aad kaop %hm ir tko ligkt. 

t put aoM aa dry aawapapor aa< kotp thmm ia tka dark. 



Itw f 



um 



% Cer rtct 



ITT 



TiitT 
-TOT 



on (%) 
lutimi 



M.6 U.7 



Pt. 

Bis. 



37.0 .34 





1— 




mi) 


30.A 


ll.i 










IMS 


T- 






S5.S 




a.i 






.it 


ift7A 


1 




11/16) 


S3.^ 










.43 



10 Tka followiog raittUi arc froa axpariMati wkick vara aadt to fiad kow 
loag it took for atf%fbora babioa af diffaraat aaaMla to doubla ia voigkt. 



HmmI tiM /a daya to Parcaatago prataia 
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of tka aovbora baby aotkar 
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Wbat do tka raaulta of tkaaa aiporiatata auggaat? 

A Tka largor tka aaaaal, tko graatar tka protaia ^oacaatratioa ia 
tko ailk. 

B Tko aMllar tka aaaaal. tka graatar tko protaia coacaatratioa 
ia tko ailk. 

C Tka graatar tka protaia coacaatratioa ia tko 'jaaaal'a silk tka 
ilowor tko aovbora baby viU doabla ita voigkt. 

D Tko graatar tka protaia coacaatratioa ia tka «aaBal*a ailk tka 
^aatar tko aovbora baby vill doabla ita voigkt. 

t Tkavt appoara to bo ao rtlatioaakip batvooa protaia coacaotra* 
tioa ia aa«aal*a ailk aad tiao takoa for a aovbora baby to 
doubla ita birU voigkt. 
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probably occur 1a tha oaxt two yaara? 

A Tha auabor of MMtodaa would iacraaaa. 

I Tho auabor of frog* would docrvaoa. 

C Tho auMbor of Inaact lonroa %rottld 4tcraaaa. 

D Tha outtbar of caatipadaa would dtcrmoaa. 

£ Thar* would bo ao choagaa. 
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13 Which •< tlMt« tttbtuacct it feuad ia «T«ry liviat c«ll? 
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14 Bow doot atturol toloctioa oporttt ia t popuittioa? 
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choagot. 



at 



tottl 



% Corrtct on (!) Pt. 



Ytar 


Pop 


Itaa • 


Aii 


Fault 


Malt 


!nt<l 


Ratines Bis. 


19B0 


B2 




6u.4 


60.2 


61.7 


NA - 


.44 


ivao 


— IT" 




li.7 


14.7 


49.4 


MA 


.36 



112 



imiiuTioiiAL jcipg mm 

17 Tkm foll«iiift| 4i«|raM rcyntrat • c«ll prtcttt. 



mi 




Oiagm 2 



Diagraa I 



If the c«ll in DitftM 1 cootaiM four ehroMtoMt, kmt Moy ckoroaotottct 
weuld b« fr«t«nt is atch ctll la Diagfaa 3T 
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D Tba RNA la Ua agf 
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MUload. Th« fiachoa ▼•17 froa ialaad U ialaad. Thtra it t dota 
ratMihlaaca hotwaaa ayacita ia plaaaga, calla, aaata, aad anga, hut aach 
apaciaa diffara t<^«tlT ia haah atrvctura accurdiaf ta tha diet. Tha 
apaciaa da aat iatarhraad aad d« aat c aap a ta far faad. 

It ia a^atad aa thia tvidaaca that iaolatioa fraa tha South Aaorieaa 
Mialaad aad diffaraat hahitau aa tha laUada ara iapartaat factora ia 
*th« froductiaa af aav apaciaa. 

A Tha atataaaat ia aufportad hy tha ^afatttatiaa givaa. 

B Tha atataaaat ia aat aupportad hy tha iafacvatiaa t^vaa. 

C Tha atataaaat ia coatradictad tha iafaraatiaa s^^*b. 

D Tha atattaaat ia kaovo ta ha falaa hat thia ia aat aupportad hy 
tha iafocMtiaa givaa. 

E . Ro ralavaat iafocvatioa ia givaa. 
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MA 



QTL (%) 
Mtims 



Pt. 
Bis. 

TIT 



19 

TIT 



iM!/i4 n mt) 

TIT 



70 



T7X 
T7T 



50" 



TTT 



3EL 



try 



in 



43.3 



TIT 



TIF 
TIT 



"TOT 



[2M1Z) 



TO 



35.7 

41. > 



"YSB 



i6.! 46.! ly.a 



2i.O 



ERIC 



114 
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6 H I J 

Vk«rt vould U« prectfi which •tcurt Wtvtao F tod G sonMlly ukt plftci 

A ttttrut 

B rr«ry 

C tattit 

D 0vi4iict 



% coiTtct on (%) ft. 



Ytur 




Itm # 


—JOT 


r««lt Malt 


lat'l ' 


tatints lit. 


1916 




mi H<»1 


53.1 


r..ft U.I 


NA 


.11 




11 




26.7 


1».A 23.4 






72 


TU 
thm 


ditfraM 

wtbility. 
nil MMki 


Tb« dots 
rtM. 


thn* calls wiU 
■hw auitr Mlaeulta 


MahrtMt 


•f iifftrrat 
It fill Umugh 





























01 tf^** 3 


Oitgna I 



Iat« which c«ll(a)'wiU tht Mat viur mUcuIm tfiffuM it fna tht 
•utAite? 

A 1 Mly 

• 2 Mir 

C 1 tad 2 oaXy 

D 2 AAd 3 Mly 

I 1, 2, tad 9 



% Corrtct Ort (%) ft. 



Ytar Pop 


It«a 1 


Ml 


Ptult 


Malt 


Int'l 


Ratinit lis. 






44.3 


4!.4 




NA 


■ .33 


lUi 11 




S7.0 






HA 


.Id 



t 

I 

1 li 
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FACE \0 



23 TWO •lttnittlv« color chart ctorittlct U alco tro '*heod«d** tod ''whltt/* 
Whoa boaoxygotti pirosti of both colors tro crotttd ill tho offiprlDg trt 
hoodod. If thoio F. hoodod rati aro aatod toitthor tad produce Utttra 
totalllai 50 rata, Vhich of tbm followlAi pjroportlooa la aoat llkoly? 



A 


so hoodod 


BOttO whlto 


B 


50 vhiU 


aoBo heo4o< 


C 


31 VhiU 


12 hoodod 


0 


24 whito 


2^ hoodod 


c 


10 uhlto 


^40 hoodod 



% Corwct OTL (*) Pt. 



Ytar 




ItM ff 


Ail 


FtMlt 




Int'l "atinis 


Bis. 




mi 












.30 


19S6 


"TT- 




».4 


22.5 


22.4 


NA 





24 Itt i populitloa of 1000 fruit flio8» tho porcoatot*^ M«m P«^r« woro: 

rr « 15 porcont Tt « 51 porcoat tt • 34 porcoat. 

If tho fruit flioi vtro froo to brood aoraally» tad if aothi&t happoood 
to diatrub tho ''goao pool"*, iibot vould bo tho approxiaMto porcoatafo of 
tt two loatratiooa latort 

A 15 porcoat 

B 34 porcoat 

C 51 porcoat 

0 61 porcoat 

1 75 porcoat 

% Corract OTL (%) Pt. 

Itaa f — Xll t^faU ^le »nt 1 Katinii Bis. 

IW B2 (B20gl 31.7 39 .0 37>2 NA »3i_ 

mi II hlUS U.7 U.i 34.4 MA >1S 

25 lo aooy brccda of cattle tho pollod cooditloa (ibaoaco of horea) la 
doaioaat over tho proaoaco of horaa, aad hoMsygotto rod croaaod with 
hoMtysoaa white produces roaa (intoraioslsd rod aad white haira) color. 
Which of the fallowiag croaaes will produce oaly boraed roaa offaprlag? 

A polled rod a horaod white 

B boraed roaa a boraed roao 

C horaod rod a horaod whito 

0 pollod roaa a boraed roaa 

B pollod white a horaod roaa 



Ytar Pop 



nmiMATioiuL senna imot 



FAa 11 



Mklch ■tnietura kringt fe«4 to 



Y— r 

ii 



ItM < 





















% Corroct 



A 
I 

C 
D 
C 



AXi Fftlt 



■57T- 



Try 



"srr 



TwtT 
"TDT 



m (%) 
lUtinti 



Pt. 
lii. 



TBT 



:5r 



27 SiaiUr fr«|BMtt • cacuim plant tittuc vtra placed !■ It, ft mU l5t 
•ut«i ■•lutiou r«tp«ctivtly. Mms tin4«r U« aicrMCvpt •tft 

th»y U4 mchH •quiii^riuB with U« MUiftf ■•UtiM, iIm^* ctllt 



J per ctnt 
solution 




9 ptr ctnt 
solution 



IS por cent 
solution 



Di«|rM 1 DiniTM 2 Diagrta I 

The differences skewn in tke Uree drevings ere due to profortits of tte 
cell end its surronndint soUtion. 

Suffose tlM ssM experl^Mt ^> carried ont usint • salt solntien instead 
of a sM*r solntien. What will fill tke 9pece betweom tke cell vnll end 
tke protof last U Dia|ratt 3T 

A water 

B air 

C salt solntien 

D ectoplaea 

I cell say 



IimiWATlOF aL SCIENa STUDY 



nan 



21 Thit qucitloB r«ftra to tha followini dit|rta of ipporitui uotd to ohov 
thit on ^alMl i&^oo out cirboD dioxido la roopirttioft. 




Firt 1 cotttiiao • ■ubitioco vbich naovti cirboa dioxido fro« Um oir 
piiiiil tkrou|h it. Porto 2 oad 4 botb CMUia o liqald «Mcb duagoo la 
oppooroaco vlMa corboa dioxido poooor ihrougb it. 

Of tho folloviai kiado of coatoiaaro for tho oaiaol vklck oao would |iva 
tho quickaot rooult? 

A 0 oMll coatoioor 

B 0 lorgo coatiiiaar 

C 0 coatoiaor ia bright ligkt 

D 0 coatoiaor covorod nitb o dork cloth 

Z 0 coatoiaor ia vhich tho oir io kopt aoiot by Moao of o wot 
cottoa boll 



% Corrtct on (%) Pt. 



Ytar 


Pep 


ItM f 


All 


FOMlt 


i^lt 


!nt4 


lUtinis 


■is. 


INtt 


"TT" 


(12261 


iU 


63.1 


74.7 


MA 




.57 


iUtt 


-IT" 


»12l^ 


U.i 


il.i 


it.l 


NA 




.18 






3Mi2 


12.0 


71.3 


14.1 






-•Si 


1MS7I4 


-3fr 






63.6 


66.0 






.42 


1970 






-74 


6S.4 


7i.A 








1»76 


3N 




- S4.6 


■ il.3 


SI. 2 
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29 Tkt lollowifti itn rafara to tha drawiat* tba 4aacriptUa M»t»Bb 
balaw. 

X asd T rapraaaat two foma of tba aaM mth, a light apacklad (ora aad a 
pradoaiBafttly dark, or Mlaftic, foia. 





Duriai tha Iftb caatury tha air Id aoM farta af tatlaod bacaM la* 
e«>aaain|ly follvtad with aaot tbrou|b tba frowcli af Uduatry baaad an tba 
ouraiai of coal* Oaa affact af tbia ^Ilutiaa vaa tbat li^aa would so 
loQiar grow aa tba tniaba aad braacbaa af traaa aa tbaaa Uam blacbaaad 
wiU aoat. 

Uatil 1150 tba ooly for* af tbia mtk tbat bad baaa ^acardad waa Ua 
ligbt fan X. Tbaa U 1150 tba dark fan T waa ra^rtad frm aaa of 
thaaa iaduatrial araaa. ly tba aad af tba Iftb caatary tba dark fan bad 
bacaM ^uita cawaa aqd aow it ia» ia aaay lacatiaaa, tba caawaar af tba 
twa faraa, aapacially ia tba viciaity af larga tawoa, wbara it aftaa 
co«priaaa aa aucb aa 95% af tba total fopalatioa* altbaugb tba lifbt foia 
pradoaiaataa ia araaa away froa larga caatara af papulatioa. 

Whicb of tba followiai boat axplaiaa Ua appaaraaca af tba dark apaciaaa 

ia 1I50T 

k Th« color ch«a|« laducod ky klr pollutioo. 

■ Th« oriaaiM* adaptad tbaualvaa to tba chaagt U axtanal 
aavirooMnt. 

C Air pollution affactad tha aotha diractly aftar thair aMrgaaca 
(raa Um pupal ataga. 

D A Mtatioa, that had occurrtd baforo but had (atlad U Ucom 
aatabliahad, bacaM aatabliah«d bacauao it waa (avoiad by 
chaaiaa ia tha axtaraal aorirawaaat. 

I Tha catarpillara ata aeot coataaioatad laavaa aad darh aotha 
davalopad (res thaa. 



YtM Fop Iti I 

i! (him 



■ % Corr tct 



"iJfT 
30.2 



ICIi 



~36TT 



TntT 



OTL (%) 
Ratlwii 



Pt. 
lis. 



25.6 



HA 



.16 



ERIC 



DrmmATioiiAL scinia itody 



Uc fast ItOOO ffl 




N£6iii66 lib illu Uoo 
YCAfl(AA) 



B 




cU 1^ 4^ 1^ 4!b u!o9 



YCAM (AH) 



c t 



2* 



m66 dl^ 1^ Ueo 



YUNULOJ 




MM diu i«ao iMO II 

YCM(AA) 



E ti 
I 



Grapk A 

Qffk C 
Grapk D 
Grapk I 



Y«ar 



It— t 





SI — 


lMS/14 






-sir— i 




INS 


2 1 




IMS 


1 1 



' I I ' I ' ' i' 

1000 im mU m imno 



YCAM |A.ai 





% Cerrtet 




OTL (%) 


Pt. 


All 


- P«Mlt 


Mtlt 


-Int'l 


lUtilllt 


■is. 


U.A 


11.2 


2S.9 


MA 




.11 


1 — a.j 


1».6 


-T4.S 


HA 




— m ■ 


' 44.4 


Z9.9 






11. A 


— m ■ 


' 14.S 


-- 


91.4 




MA 






; ITT- 


—15.1 






21.0 


.25 




1 16.d 


I.I 


Id.l 




S6.0 


-.01 



ERIC 



120 
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APPENDIX B: 
BIOLOGY CONTENT TEST U 



THIRTY BIOLOGY TEST ITEMS PRESENTED TO SECOND-YEAR 
(ADVANCED) BIOLOGY STUDENTS 



NOTE: Item analysis data are presented in a chart following each 
item as explained in the following <iample diagram. 



Year of tettini when cbe same itm was used for coinpi^^ 

ge iroop teste± Et • IM ywUoloiy. 82 • M year biology^ • 

wiMftia tl»y wtii «uolM« and 2 • 14^ old! or efi^^ 

Test item number and % of mpoodem wbo 
>r answered coirectly in U^. tod Iml. samples (see pp. 61-62). 

(OH > Teacher rating of studenu' 
opportunity to lesro test item content) 

OIL (%) PL OW. 




Year Pop iiem# All Female Male Iml Rjdnfs Bis. mMiun: 



1986 


Bl 


(B107) 


662 


65.0 


66.9 


NA 


20.0 


.19 


1983 


2 


(2M03) 


62.7 


593 


653 


NA 




.19 


1970 


1 




412 


45.4 


49J 


45.1 




, .24 



o 121 

ERIC 



immuTiOHAt scioa study 



f ACT 1 



Tte f*ll«viM ^ict'M* rtprtMt • call pMCM«. 




If tM« c«ll !■ Di«tr«a 1 cobUIm four ckrQM«OM«i Wv May ckro«o«M«« 
iMtti4 b« prcatat U aack call la DUtrM 3T 

I 

B 

C 4 
D t 
I U 



Tun 



■r 



tlUi 



AIT 



% Cor rtct 

FMMlt 



TO" 
ITT 



JSTT 



IwtT 



on (%) n. 

lUttnii Bii. 



IT 



2 Vhat iaitially daUralMa whaUcr • hwun k«ky ia t*^l ta W a aala ar a 



la? 






k 


Tk« n 


U ia tJM 9fvm. 


B 


Tte U 


U ia Ut ast- 


C 


Tte Bl 


lA ia tha afon. 


D 


Th« Bl 


U U Ua MB- 


B 


Tka OMA BXA ia teU %ftm bmA 



% Corfct ff.X (%) ?t. 



Ytar 


Pep 


ItM • 


All 




Malt 


Int'l 


Rttinit Bit . 


1916 


12 




48.5 


47.6 


49.1 


NA 


.3S 




— IF" 






31.3 


S3.4 


NA 


- - ■ .33 



I 

urmmiKWAt icipa snmr tM i 




Vh«rt ««ul4 U« pffu «kick tccura ^tvttt F u4 G MCMlly t«k« pltct 
la kvMMT 



A via rut 

B •vary 

C tattit 

D avi^uct 

I vailM 











% Correct 


Int4 


on (%) 


n. 


Ytar 




ItM • 


All ■ 


PMtlt Malt 


lUtiais 


•is. 


Mi 






SM 


ii.t U.I 


NA 




.33 


1W6 


11 




20.7 


1ft. 6 32.4 


HA 




.3S ■■ 



4 Tkm 4i9%fm rayraaast Uraa calU vitk MibraMi af 4iffaraot 
pciMability. Tte 4ati thaw auiar Mlaculai «hick caaaat Urangh 
thM call Makraaa. 




niatraa I Oiagr^ 2 Oiairaa } 



lata wkick call(a) vill Ua Mat vatar Mlacalaa 4iffiua la trm Ua 
•aUi4tT 

A 1 aalr 

B 2 aalr 

C 1 aa4 2 aaly 

0 2 «a4 3 aaly 

B 1, 2» «a4 3 



% Corfct OTL (%) ?t. 



Year 




ItM • 


All 


Paul. 


Mala 


int'l 


Ratinis lis. 


- Mi 






44.3 


43.4 


"4r5- 


NA 


■ ■ .33 


'•• IHi 


— IT" 




■ 57.fl 


3;.s 


37.3 


MA 


.16 



imwiATicitAL sciina study 



>ACt 3 



Siailtr frt^att of • ctrttU flnt tlMut w ylictd la 11, tl, toJ 
ISt tttitr toltttitM rttptctivtly. Wbta vitv«4 ua^tr tb« aicroiceft ifttr 
U«y k«d rtichtd tqiiilUriM vitb tbt ^tUiUt ••Itttio, •i^gU c«llt 
•pp«trt4 II ike«« la Ut 4ia|rMM far tba Uraa talatie*- 





] per cane 
solution 



9 par cant 
solution 



1.S per cent 
solution 



Diiirsa 1 Oiisria 2 Oiifrsa I 

The diffaraacas shova la Ua t&raa driwia|i ira dua ta Frapartiai of tha 
call aad its iurffa«iBdlfl| lalatias. 

Suppoia tha laaa asparlMikt is ^irriad out aaiaf i iiXt salutioa iaitaad 
of I ittsir loltttioa. Vhat vill till tte ipaca batvaaa tha call wall md 
tha pratopliit la dii|raa ST 



A 
B 

C 



water 
sir 



actoplsaa 
call sap 



tiOf^ 



Ytar 



Itw t 



ITT 



% Co rrtct 

Malt 



FtMlt 



OTL (%) 
IUtlni» 



Pt. 
Bis. 



T5Sf 



a/ 



49.0 



4».6 



TBT 



.03 
TTT" 



Tha next tuastias is hated ao tha follaviai 
liakad trait, color hliadaaii. 

I 2^ 

^ ZoloT blind mUi 
Color hlind faanles 



padigrea af i sax* 




[ j Nan*color blind aalas 
Non*colcr blind faaales 



l%it peraaaCi) cavld ha^i ao |aaai for calar bliadaaii? 
A 2 oaly 
B 3 aaly 
C 2 sad 3 
D 3 lod 4 
t 4 aaly 



YtT Pop IttB t 

T55? IT 



"Air 



% Corrtct 

FOMlt 



TStT 



OTl (%) Pt- 
lUtinis Bis. 

^ — :Tr 



ITT 



TBT 



utTOiuTioiiAt scina stot 



IVt •lt«rf»«civ« color ditracttristics in mif tr« *niM4tr* Uk4 *Srhitt** 
Wh«n boaosri^us partnts •£ ^th colon oro ctosso4 oil tko offspring 
•ro hoo4o4. If those Fi Iioo4o4 rots oro Mto4 togothor produce 
littors totolliBg SO rots, which of tho folloning pro^rtioiis is MSt 
likolx? 



A 


Sv 1M0404 


; noRo whito 


1 


so «hito 


• ftOfio hco4o4 


C 


31 wHito 


; 13 hoo4o4 


0 


34 whito 


: 3« hoo4o4 


1 


10 whlto 


: 40 Hoo4od 



% Corrtct on (I) Pt. 



Yttr 




Itta • 


All 


FtMlt 


Malt 


tnt'l 


lUtints lis. 








31.2 




50.7 


NA 


■ -.36 ■ 


1916 


— IT" 




22.4 


32. S 


ii.i 


NA 


.3S 



B In 0 ^lotion of 1000 fniit flios, tho porcontogos of gooo poirs woro: 

TT • IS por cont Tt • SI por cont tt ■ 14 por cont« 

If tho fruit flios woro froo to broo4 norMllx, •n4 if nothing hoppono4 
to 4isturb tho *'gono pool". «hot woul4 bo tho opproxiooto p«rcont>so c5 
tt two gonorations lotor? 

A IS por cont 
I S4 p«r cont 
C SI por cont 
D 61 por cent 
I 7S por cont 

% Corrtct OTL (%) Pt. 

YtfcT Pop Ito« • All FoMit ftolo intU tetinis lis, 

liU II lUH) n. 1 li.l >U ' M 

iii i II (ii}4j U.J HA So, 4 HA .15 

9 In wmny broo4s of cottlo tht pollo4 con4ition lobsonco of h^ms) is 
4oBinont ovor the prosoneo of horns* on4 hooosygous ro4 crosso4 with 
hooosjrgeus white pro4ucos roan (intoraingle4 ro4 on4 white heirs} 
color - Khieh of the following crosses will pro4uce on!/ home4 
roon offspring' 

A polle4 ro4 s homed white 

I home4 roon s home4 roan 

C honio4 To4 s home4 white 

0 polle4 roan s honie4 roon 

B pollo4 white X home4 roan 



% Corrtct OTL (!) Pt, 

-4^ ^"5!^ " lUtints lis. 



Toor rop 


■ M umm 

W ?{■!)■■ 


All 
il.l 




4S.7 


i:.c-i 
MX 




IHi 11 


(B12S) 


r.i 


S5.S 


Il.t 


NA 


.li 




1C5 

ERIC 



x»«iuuTX0WAL aciiwa stuot 



10 Which of th«M •ubauncta !• found in OYtty llvlof wllT 



A 


ffOtOltt 


1 


chlorophyll 


C 


eolluloM 


D 


•ureh 


t 


a«M|loblD 



% Corfct OTL (%) Pt. 



Tttr 

1986 


Pop 
B2 




Ail 


rmmim 
SS.4 


WAV 


nX 




.is 


1986 


11 




ii.i 


45.7 


iii.4 






.A/ 



11 gov dooo lyi^h oaur tho clooMo of huMos? 
A by blood prooouro 
B by cho occiott of cho livor 
C by tiM octiott of cho intoitlMl villi 
D by tho action of chn kidnny 
K by 0 diffuoion grodiont 



iramuTioiui sciutg stopt 



12 la M tip^rlMttt viU a caruia plattt, Ua photoayntkatic rata ft uait 
af a laaf araa vaa Maaurad at diffariat lifi^t Utaa^itiaa.^ Tka tSrS^i* 
MOt vaa rapaatad at Uraa diffiriat taopcraturaa, 5 C, 15 C, tu4 25 C. 
An ada^tuta aupfly af carWs diasida vaa aaiataiaad Uraugteut tia 
aspa rlM&ta. Tba tr«P^ abawa tkm naidta. 
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IS 


•c 






z 














s 


•c 





































































10 20 30 40 so 
Lit^t Intmaitr (t 100 foot-candlas) 



Co Um Mala af tba daU |ivaa la tba t'^Mt vbick factor ar factara 
dataniaa tba pbytaayatbatic rata U ligbt Utasaitiaa aara tbaa 5,000 
faat*caadlaa7 

A li|bt Utaaaity 

• taaparatura 

C taaparatara aad litbt iataaaity 

D vatar atataa af plaat 

I ao factar caa ba aacartaiaad fras tba %x%^. 



% Corract OTL (%) Ft. 

Yaar Pop Itaa t All Faaa^. Mala intU Ratinis lis^L 

19S6 l2 WWW ll.l MA >35 



1 



urmwATiomi scinta srarr 



13 What happMt first vbM aierophrll li9^t in • 11tU| plant call? 

A Carboft 4ioiida !• timnd iuf photphe|lycaric acid. 
B C«rMiy4r«taa art fonMd. 



Adanoaina triphe«pb«ta (ATP) !• cawart^d Ute •dtoeaist 
4ipkeaphat4 (AOP). 

A4«iietiat 4iphetph«ta (ADP) it ceavtrtcd Ute •dtoetUt 

triphetpbita (ATP) •md hydreita i« rtltaatd ttm vattr. 

Oxf%n i« rtltattd ftwm c«rb«a tfieiidt. 

% Corrtct 



YfT Pop Itf I 
1956 (B2X5) 



ATT 
ITT 



_ OTL (%) Pt. 

Fyit MBit int'r~ Ratints Bit. 



^6.6 n.i 



HA 



.20 



14 Tha priMry fimctiot •£ • kidoay tumult i« te rtabterb vattr. Tht 
4i«t'«M ihow Uirii typii of kidney tubulia (Mphroat). 





Diagraa 1 



Di«tr«» 2 




Which kidaty tubul« (a<tphrea} ii aott likily te accur la • dattrt mImI? 
A 1 
B 2 

C 3 



It vill tfaptad OB vhtthtr tht aaiaal it cold hloodtd or vtm 
hloodtd. 

It vill dtpaad ea vhtthtr tht taiMl it • harbiTort or • 
ctnivort. 



Yttr Pop Itf # 



5 a I 
^.5 



% Cor rtct 



■ 1 X 



MBit lnt*r 
IT? HT" 



OTL (%) 
RBtiniB 



Pt. 



JOT" 




imtlWATIOItAL SCItMCt STUDY 



15 Tiscut fro* • cow it ihovn on •nt)7-ii conttln proula, • •■ounc 
oe e«c, ftOM iron, and Urt« quAnticiit of vicamina A %n4 0. Which p«rc 
of ch« body did ic com froa? 



A 




B 


kida«y 


C 


livtr 


0 


h««rc 


t 


br«lA 



% coTTfct on (%J Pt. 

Yttr Fop Itf I All Fwait Mait Int'l Ratinii lis. 

Ifl5^ » filiS^ 56. 7 56>r HA .l?r 



U In •XightXy diluc«d ••• wnc«r. ch« mmIX ••rla* Cund* tvtili whtn 
dtpr^vad of oxyg«n .nd •hrlnka tMln vhm osygm i« tupplUd. Uhat it 
th« ttotc likmly •^l«naclon? 

A Uck of oxTtM r««ulct in in laco«pl«ct oxidation of wato 
producca* 

B Tha lack of oxyt«B Inctaaaaa vacar abaorpcion* 
C Ixcaaa vatar ia poiaenoua to cha ortaaiaa. 

0 Whan laaa oxygan ia availabla, chara ia noc anough anar^y 
CO oppoaa antry of watar by aaaaa of aaanaia* 

1 Ml incraaaa of aurfaca araa givaa a baccar aaaaa of oxygan 

abaorpcion* 

% Corrtct OTL (%) Ft. 

Yttr Pu n Itm I All Pttlt Mtlt Int*!" totingt Bls^ 

17 Which ona of cha foUowlag precaaaaa in planca ia not concroLlad by 
horwonaa? 

A wacar uplift la tha atas 

B dovBvard grovch of tha radicla 

C flovariag tmdar tha iafluanca of lacratalag day laagth 

i> falllag of tha laavaa of daciduoua traaa la < ituaa 

g oriaatatioa of ahoota toi«arda lataral light 



% Corrtct OTL (!) Ft. 
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II Sterttioai of MdoeriM •t%w ia talMlt art oot 4ir«etly rttpoMihlt 
for which ou of tho follo«ia|? 

A eoleiuB MtoboliM 

B ••erotioo hf tho odroMl eortos 

C changoo la tht utoriao liaiat 

^ D ehaa|oo of bo4y toflporotiaro 

E loaaral ho4y |ro«tli 

% Corract OTL (%) Pt. 
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19 Cobtit ehloridt fp9T it blua whoa dry. It |rtdu«IIy ehtn|tt color to 
piak ia tha praaaaca af watar vapor. Thraa 1 cb dry cobalt chlorida 
papara vara traatad aa followa: 

Tha first waa faataaad ta tha appar avrfaca of a laaf by aaaaa of a clip* 
tha aacoad to tha loiiar aurfaca ia a aiailar way, aad tha Uird hua| fraa 
ia tha air. Tha tiaa takaa far tha papara ta achirra a ataadard piak 
color waa aatad. Tha firat took 9 aiautaa, Ua aacoad 12 alauua, tha 
third It aiautaa. 

Which of tha fallowiai caaclutioaa ia Jaatifiad aa thia rridaaca aloaat 



A Thara ara aora atasata oa tha lavar aurfaca af tha laaf thaa aa 

tha uppar. 

i No Mtar vapor ia fi^M off froa tha lavar aartaca af tha laaf. 

C Tha uppar laaf aurfaca livaa off Mra uatar vapor thaa thr. 
lawar . 

D 14 th laaf aurfacaa |iva aff watar vapor at tha aaaa rata. 
E Thara ara ao atoaatj oa tha uppar aurfaca of tha laaf. 

% Corract . OTl (%) Pt. 

Yaar Pop Ita« # Ail PaMlt Mala Int': Itotinia lis. 
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la ordar to obtaia two cropa ia oaa |rowia| aaaaoa a faraar plaatad ao«« 
wkUh ha had harraatad tha praviooa waak but tha aaada failad to 
laraiaata. What caa ba coacludad froa thia obaarvatioa? 

A Tha farsar did aot provida tha right coaditioaa for |ar«i- 
aatioa. 

1 Tha ••%d% aaadad a loagar pariad of aaturatioo. 

C Tha fafMr had aot raaovad iahibitiai aubauacaa. 

D Tha aaada raquirad a pariod of low taf^aratura. 

S Tha dau ara iaadaquata for a coacluaioa to ba raachad. 



iirmaiATiowAi «ciiiia stow 



21 Tht 4U|rM •ho«« • S3^ thick •rt»ryo. Which st»ct«rt hrlii|s tpci 
to the irewlni MibxToT 
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92 Tht follo-lni rt»uli» crt fro. «pcrliMnit -hleh Bca^io find ho- 
loHi It to«k for nt-bon. bcblis of Jlfftrm ■•-mU to douhXt In -•l|hi. 



TlM In da/s to 
double tht weight 
of tht ntwbont bob/ 



Ptretntait prottln 
In tht Bilk of tht 
■oth4ir 



himn 


110 


1.4 


horse 


60 


2.0 


cow 


47 


3.S 


pit 

shttp 

dot 

rabbit 


U 
10 

1 

6 


S.9 
6.S 
7.1 
10.4 



Mtat do tht rtsults of thtst txptrlMnts auuttt? 

A Tha laritr tht MHtal. tht grtattr tht prottln conctntratlon 
In tht ailk. 

I Tht snalltr tht uwal. tht groattr tht prottln conctntratlon 
la tht Bilk. 

C Tht (Ttattr tat prottln conctntratlon in tht mmmI's allk 

tht slowtr tht nt-bom bab/ -111 doubit Itf «Ml|Pit. 
D Tht irtattr tht prottln conctntratlon In tht aaaaaPs allk 

tho futtr tht no-bom bab/ -III deublt Its «tl|ht. 
E Thtrt apptars to bt no rtlatlenshlp btt-ton prottln concentration 

la atMl's allk and tint takan for a ao-boin babjr to doublt Ita 

birth «ol|ht. 
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23 Th« feUowiai Um rtftra to U« draviAgt tod tkm 4«t€rlptiYt f«r«|r«ph 
X tad T r«pr«t«ot tv« fem af U« tMt Mthi • li|kt tHCkl«4 fom m4 • 





1 Y 

OurlDi th« 19tk CMtury tto air i% ••m ftf tMl«»4 ^CMt 
lAcrMtiDily p«llttt«4 vith te«t tbreu|h tb« grovth ia^uatry baatd ea 
tb« burnlDi of coal. Oat affact af tkit pallutiea tbat lichast would 
so lengar |ro« ob tba tniaka tad braaclMt af traaa aa tbaaa bacMM 
blackaaad vitb leet. 



Until 1150 Ua ealr of this aaU Uat Ud ba«a racerdad vaa tha 

li|ht fen X. Thaa la U50 Ua dark fan Y vaa aapertad fn« aaa of 
thaia iaduatrial araaa. By tba aad of Ua Ittk caatury Um dark fon bad 
bacaaa ^uita cooBoa aad aow it la. la aaoy localitiM, tba cosMoar of 
tha tvo for«ai aapacislly la tba viciaity af larga ta>ma« whara it aftaa 
caapriaaa aa such aa 951 •f tkm total fopulatioa, altteugh tba ligbt Con 
yradoaiaataa la araat away fraa larga caatara af payaiatioa. 

Which of tha folloviai boat axplai^a tha ayyaaraaca al tha dark ayaciaaa 

ia 1IS07 

A Tha color chaaga vaa iaducad by air yollutisa. 

I Tha organ^au adaytad thaaaalvaa to tha <haa|a ia aitaraal 

aaviroBMnt. 

C Air pollatioa jjffactad tha aotha directly afftar thair aMrgaaca 
froa tha yupal axaga. 

D A aotatioa. that bad accarrad bafort bat had failad to baceaa 
aatabliahad, bacaaa aatabliahad bacjuaa it waa favorad by 
chaagaa ia tha aitaraal aa^ liu — aa t. 

C Tha cataryillara ata aoat cantMiaatad Latvaa aad dark aotha 
davalopad froa thaa. 




% Corract OTL (%) Pt. 
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All •£ Ut folloviai M aap«cu •£ tk« wproductivt precaia. Which oo« 
•f thm auat occur hcfort m cm bt ctruio that ftrtiUiatiea haa uk«a 
flact? 

A A salt argaalaa auat fUd a Mtt. 

B R«pro4uctiv« ergaaa auat ba praducad. 

C Tha auclaaa af a Mala gaMta aaat faaa viU tMt af a faaala 
gaaata . 

0 A apanutasoaa auat raach aa •u c^^^* 

1 A fasala gaaata auat provlda a atara af faa4 far tha aabrya. 

ICOTTfct OTL (%) Pt. 
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25 AaiMla taka la asyita aad |lira aat carhaa 4iaal4a. Ordlaary air 
caatalaa vary littla carbaa dioiida. 



Oil drop 



Ma tar 

Matarial 
ta abtarb 
carbon 
diaxidt 

Saall 

—IT — ■■ ^s^S ^-"^ intact prP^ — . — 




Oil drap 




Apparatus as first sat up 



Apparatus aftar ^ ainutas 



Which af tM fallaniag caa ba aaaaurtd with tha abara apparatua? 

A Tha rata af aavtMat of tha aaiaal. 

B Tha aMuat af haat producad by tha aalMl. 

C Tha rata af raapiratioa of tha aaiaal. 

D Tha affact af carbaa diaiida aa tba aaiaal. 

I Tha aaouat af carboa diaiida abaarbad by tha aalMl. 
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2« Thit qiMttlM rtf«rt to Ut 4it|rts •€ tpftrttiM im«4 f thmt 

Uat lAiMl livtt •lit ctr¥ea 4ioBi4t U r^tpirttlM. 




Pirt 1 CMtilM • lukitiaca whick rMovti cirbM frM U« tir 

piiiUi tkrouil it. Firti 2 lad 4 ¥«tk c«at«U • 11^14 viick cUa|ti 10 
ipp«iriact wkta cir^a dioiidc M>>*> thr««sk it. 

Of tiM foUovUi kisdi •€ CMt«iatri for tte talMl wkiek too vould |ivo 
quickoit rotult? 

A I MMll coatoiMf 

B I Iirgo coattlMr 

C I cootoiaor ii kri|ht liglit 

D I cootiiaor covorod witk • dork clotk 

I I cootiioor la which tho air it hopt aoiat hy ataaa of a wot 
cottoo hall 
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27 }im0 4o«a Mtur«l ••laetiea oparatt U ■ j^piilatitot 



A Tk« Mabtra art all alika. 



I Tkt MBbara art aqiMlly aklt to aurriTt asy asTirenMatal 

C nt Mab«ra 4iff«r ao mIt aoM aurrlva vtoa Ua Mvireawot 
ch«a|«a . 



0 Th« Ms^ra 4« Mt adapt U taviraoMaul cImm»« 

1 Tba aaabara •£ tha aatira papulatiaa a4apt ta aavi aMcatal 
chaagaa. 
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2t It kaa batft aotict4 ia racaot ytara that tkt propartioa af iaaacta 
aunriviai afttr aapoaura ta cartaia Uaactici4aa kaa aha'#a a gradual 
iacraaaa viU aaccaadiaf gaaaratiaaa. Of Urn fall«wU|, vUch ia tka 
baat aiplaaatioa? 

A Varld ckaagaa ia cliMta kava pravidad a aav aavlroaMat. 

B Offapriai of iaaacta tfhick bava baaa axpoaad to tha iaaacticida 
bava iaharltad aa iMuaity. 

C Iliaiaatioa af tha laaa raaiataat atraiaa givaa Ua raaiataat 
aaaa a graatar chaaca af aac^^aaa 

0 Chaaiaa ia tha habita af tha iaaa:ta bava aaablad thaa to 

aunriva. 

1 Tba iaaacticida cauaaa favarabla autatiaM. 

% Corract OTL (%) Ft- 
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29 Tba Galapagoa lalanda tba Pacific ara baliavad aarar to hava baaa 
cooaactad to tha aaialaad. 2a tha lalaada thara ara about 14 apaciaa of 
fiach*liha birda with fav obvieua ralativat axcapt oa tba South Asarieaa 
aaialaad. Tha fiachaa vary fraa ialaad to ialaad. Thara ia a cloaa 
raaaablaaca batvaaa apaciaa ia pluaagt* calla, aaata» aad a|ga, but aach 
apaciaa diffara graatly ia baak atnictura accordiag U tha diat. Tha 
apaciaa da aot iatarbraad aad da aot coapata for food. 

It ia atatad oa thia avidaaca that iaolatioa fraa tha South Aaaricao 
aaialaad aad diffaraat habitata aa tha lalaada ara iaportaat factora U 
tha pradttctiaa of aaw apaciaa. 

A Tba autaaaat ia aappertad by tha iafacaatioa |ivaa. 

B Tha atataaaat ia aot aapportad by tha iafacaatioa |ivaa. 

C Tha atataaaat ia coatradictad by Um iafacaatioa |ivaa. 

0 Tha atataaaat ia kao«« to ba falaa but th^a ia aot aupportad by 
tha iafacaatioa |ivaa. 

t Bo ralrraat iafacmatioa ia |ivaa. 
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A Graph A 

B Gffh B 

C Graph C 

D Graph D 

B Graph I 
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APPEN TX C: 

QUESTIONNAIRE I*^ _/'S AND RESPONSES 
FIRST YEAR BI04-C PGPULAriON 



THE HEMS HAVE BEEN ABBREVIATED AND PRESENTED r TABULAR FORM 
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APPENDIX C: RESPONSES TO STUDENT QUESTIONNAIRE BIOLOGY I 
REPORTED AS PERCENTILES 



1. What is your sex? 

A nude 44.0 

B femals 51.8 

2. Rnther education afker 
higji school: 

A not decided 18.4 

B none ftmher 3.4 

C l-2yean 10.9 

D 3-4yean 35.8 

E nxffedian4yeais 27.2 



3. Kinds ofcouises to be taken 
in ftnther education: 

A nocdedded 14.8 

B none ftnther 2.4 

C adenoe/ applied sd. 24.3 

D social acienoe 10.7 

E businessAconuneicial 13.8 

F educationAeaching 3.1 

G m 7.4 

H agrkvlnire 2.3 

I English/language 4.1 

J odier 11.9 



6. Houn spent out of class on 
science homewoik 

A none assigned 8.3 

B do not do it 7.5 

C up to 2 houn 55.0 

D 2to5hours 20.2 

E 5tol0houn 3.5 

F over 10 hours 1.1 

7. Best description of grades 
so tein school: 

A mostly A 13.4 

B about half A and B 18.2 

C mostly B 18.4 

D about half B and C 23.5 

E HMStlyC 12.1 

F about half C and D 8.0 

G mosdyD 1.1 

H mostly below D 0.6 

8. Rteptmnir ralniltnr «v MlaM<> 

for use at home after school: 

A yes 51.7 

B no 43.6 



4 . Televison viewing time 

A never during week 3.2 

B less than 1 hi/ week 8.4 

C about 1 hour 11.1 

D about 2 houn 17.7 

E about 3 houn 17.8 

F about 4 houn 12.4 

G about5houn 9.7 

H 6 houn. r more 14.9 

5. Houn spent per week (m 
homework for all subjwts 

A nme assigned 1.2 

B donotdoit 6.8 

C up to 2 houn 28.5 

D 2 to 5 houn 26.5 

E 5 to 10 houn 20.4 

F 10to20houn 11.0 

G over 20 houn 2.1 



9. Computen at your school: 

A yes 93.3 

B no 2.3 

10. 'nmeq)ent each week using 
computer 

A never used at school 66.1 

B uptotwohoun 17.3 

C 2to5houn 7.6 

D 5 to 10 houn 3.2 

E more than 10 houn 1.4 

11. Yean of mathematics after 
tenth grade: 

A none 0.8 

B one 20.9 

C two 62.0 

D three g.g 

E four 1.7 

F morethanfour 1.5 
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APPENDIX C RESPONSES TO STUDENT QUESTIONNAIRE BIOLOGY I 
REPORTED AS PERCENTILES 



12. Highes level of sdiool your 
fiHher (equivilent) completed: 



A not Uving with fiuher 4.9 

B Gnde School 2.3 

C aome Ifigh Sdiool 6.7 

D ngh School 21.1 

E Tecfankal^vocadonal 17J 

F College or higher 35.4 

G Idontknow 7.4 

13. Bestdesorqxionof fuher*! 
(oreqidv.) wock: 

A not living with fitther 83 

B Mm-ddfied 12.0 

C sidDed 22.9 

D ckrical/kiles lOJ 

E prafes^onal/exec. 29.9 

F homemaker 1.0 

G aomeotfier 10.1 

14. lOghest level of school of 
oKXher or equivalent: 

A not widi mother 0.3 

B Giade School 2.3 

C some High School 6 J 

D High School 31.4 

E tecnucd/ vocational 19.3 

F College or hi^ 30.4 

G dontkbow S.3 

15. Best descripdon of mothei's 
(or equivalent) woik: 

A notwiihroodier 1.1 

B aemi-skiUBd 13.8 

C skilled 9.8 

D clerical^ 23.3 

E professional/ exec 19.1 

F fiomemaker 20.8 

G some odier 6.9 

1 6. Number of books in home: 

A none or few (1-10) Z5 

B few (11.25) 9.9 

C 1 bookcase (26-100) 21.9 

D 2 bkcases (101-250) 24.7 

E 3-4 cases (251-300) 25.3 

F one room (over 500) 113 
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APPENDIX D: 

QUESTIONNAIRE ITEMS AND RESPONSES 
ADVANCED BIOLOGV POPULATION 

THE ITEMS HAVE BEEN ABBREVIATED AND PRESENTED IN TABULAR FORM 
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APPENDIX D: RESPONSES TO STUDENT QDSSTIONNAIRE BIOLOGY D 
REPORTED AS PERCENTILES 



1. What is your sex? 

A male 40.3 

B female 5S.4 

2. Fuither education after 
hi^ sdiool?: 

A not decided 9.0 

B none fuither 2.3 

C 1-2 yean S.8 

D 3-4 yeais 34.4 

E. mote than 4 years 44.3 

3. Kinds of couises to be taken 
infiuthereduadon: 



6. 



Houn spent out of class on 
science noroewoik: 



A 


not decided 


9.0 


B 


none ftnAcr 


2.6 


C 


science^ qypliedscL 


40.1 


D 


social science 


9.3 


E 


business/cominercial 


13.7 


F 


educationAeaching 


3.5 


G 


m 


3.8 


h 


agriculture 


2.3 


I 


En^ish/language 


3.8 


J 


odwr 


6.3 



Televison viewing time: 

A never during week 4.0 

B less dianlhr/ week 11.2 

C about 1 hour 13.3 

D about 2 hours 20.0 

E about 3 hours 19.S 

F about 4 hours 12.3 

G about S hours 5.9 

H 6hoursorinore 9.5 

Houn spent per week on 
homework for all subjects: 

A none assigned 0.9 

B donotdoit 5.6 

C up to 2 houn 27.3 

D 2to5houn 19.2 

E 5tolOhoun 5.9 

F 10 to 20 houn 5.9 

G over 20 houn 1.2 



9. 



10. 



11. 



A 
B 

C 
D 
E 
F 



none assigned 
donotdoit 
up to 2 houn 
2 to 5 houn 
5 to 10 houn 
over 10 houn 



Best description of grades 

so far in school: 

A roosdyA 

B about half A and B 

C mostlyB 

D about half B and C 

B mostly C 

P about half C and D 

G mosdyD 

H mostly below D 

Electronic cateiilatnr available 
for use at home after school: 
A yes 
B no 

Computen at your school: 
A yes 
B no 

Tone Sficnt each week using 
conqMier 

A never used at school 
B up to two houn 
C 2 to 5 houn 
D 5tolOhoun 
E more than 10 hours 

Yean of mathematics after 
tendi grade: 



A 
B 

r> 

D 
E 
F 



none 

one 

two 

three 

four 

more dun four 



7.6 
8.4 
54.0 
19.2 
5.9 
0.5 



18.1 
23.6 
21.6 
19.5 
8.5 
3.7 
0.8 
0.0 



67.0 
28.6 



94.0 
1.4 



59.2 
16.4 
14.4 
4.4 
1.3 



0.0 
1.0 
23.2 
38.0 
25.8 
7.8 




APPENDIX D: RESPONSES TO STUDENT QUESTIONNAIRE BIOLOGY H 
REPORTED AS PERCENTILES 



12. Highest level of school your 
fitther (equivalent) completed: 

A r.ot living with father 2.7 

B Grade School 2.1 

C 3cnie Hi^ School 5.6 

D Higii School 21.3 

E tedtnical/ vocational 14.8 

F College or hi^ier 45.7 

G I dont know 3.0 

13. Best description of father's 
(orequiv.) work: 

A Not living with father 4.3 

B semi-skilled 13.7 

C skilled 19.9 

D clerical^les 7.9 

E professional/ Exec. 41.3 

F nomemaker 0.0 

G some other 7.6 

14. Highest level of school of 
mother or equivalent: 

A not with noother 0.5 

B Grade School 1.0 

C some High School 7.3 

D Hish School 29.2 

E tedinical/ vocational 19.2 

F College or higher 35.5 . 

G don't know 2 A 

15. Best descripticxi of mother's 
(or equivalent) woik: 

A not with mother 1.3 

B semi-skilled 13.4 

C skilled 7.0 

D dericaVisales 21.5 

E professional/ Exec. 24.4 

F nomemaker 23.0 

G some other 4.9 

1 6. Number of books in home: 

A none or few (1-10) 1.3 

B few (11-25) 4.4 

C 1 bookcase (26-100) 22.2 

D 2 bkcases (101-250) 28.0 

E 3-4 cases (251-300) 25.7 

F one room (over SOO) 14.0 
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APPENDIX E: 

MATHEMATICS TEST: HRST YEAR BIOLOGY POPULATION 
FIFTEEN MATHEMATICS TEST FTEMS PRESENTED TO BIOLOGY POPULATION I 



mTERHATIONAL SCIEMCZ STITOY 



MATHEMATICS TEST PACE 1 



0.00046 is •qual to 
A 4.6 X 10** 
B 4.6 X lO"* 
C 46 X lO"* 
0 46 X lO'^ 
E 0.46 X 10^ 

The value of 2^ x 3' is 

A 30 

B 36 

C 64 

0 72 

E none of these 



Four tiaes a certain ouaber is 24 aore than the nuaber. What is the 
nuaber? 

A 5 

B 6 

C 8 

' 0 12 

E 18 



4 What is the square root of 12 x 75? 

A 6.25 

B 30 

C 87 . 

D 625 

E 900 
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IWTERNATIOWAL SCIENCE STUDY 



MATHEMATICS TEST PACE 2 



There arc 227 itudcaii:! in a ichool. Every itudrat in the ichool bclongi 
to either the auiic club or the iporti club, and soac students belong to 
both clubs. The ausic club has 120 aeabers, and 36 of these are also 
■eabers of the sports club. What is the toUl acaibership of the sports 

club? 

A 84 

B 107 
C 120 
D 143 
E 191 



yI - I is equal to 



A a - 3b 

IS 

B Sa - ISb 

C 
D 

E 3a - 5b 

75 




A rectangle is twice as long as it is wide. If it has an area of 32 ca', 
wliat is its periaeter? 



A 4 ca 

B 12 ca 

C 16 ca 

D 20 ca 

E 24 ca. 
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INTERHATiOHAL SCIENCE STUDY 
8 



MATHEMATICS TEST PAGE 3 



y/AW/mm 










i 









In the fiture tb* little tqueret arc all the seae size, end the eree of 
the whole rectangle is equal to 1. 



The area of the shaded part is equal to 
A 



_2 
IS 



B 

C 
D 
E 



1 
3 

2 
5 

3 
8 

1 
2 



9 Frank decided to aake a bar graph to show the aaxiaua teaperature on four 
days. He aade this table to help bin draw the g^'P''* 



Day 


Hon 


Tue 


Wed 


Thur 


Naxiaiua temperature 


16 *C 


18 *C 


21 *C 


24 *C 


Height of bar 


8 ca 


9 ca 




12 ca 



What should be the height of the bar for Wednesday? 



A 9.S ca 

B 10 ca 

C 10.5 ca 

D 21 ca 

E 42 ca 



INTERNATIONAL SCIENCE STUDY 



MATHEMATICS TEST 



PACE 4 



10 



If I a |, then A can b« equal to 



A 
B 

C 
0 
E 



1 
2 
4 
8 

16 



8 
7 
6 
5 
4 
3 
2 
\ 
Q 













/ 




























/ 














/ 














/ 































































12 3 4 5 



6 7 



8 



11 The tqtution of the graph ihovn above is 



A 
B 

C 
D 



y » X ♦ 1 
y » X ♦ 2 
y s 2x 1 
y « 2x 2 
y « 3x • 2 



12 A solid plastic cube vith edgts 1 centiweter long weighs 1 graa. Hov 
■uch will a solid cube of the saac plastic weigh if eadi edge is 2 centi* 
■eters long? 

A 16 grass 

B 8 grsM 

C 4 grass 

0 3 gram 

B 2 grass 



ERIC 
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IfrrERHATlOWAl SCIEMtt STUDY 



HATHEHATIC8 TEST PACE 5 



13 A factory products m cars ptr week. How uoj cars per vttk vill it 
product afttr producwion is iacrtastd p ptr ctat? 

A lOOp ♦ » D • ♦ 

100 

B lOOai ♦ BP < ^ t m 

100 

100 




14 Tht picturt above shovs a atthod of finding the height of a tall tree 
using a short tree. What is tht height of tht tall tree? 

A 8 Mters 
B 10 Mters 
C IS Mters 
0 18 Mters 
E 20 Mters 

15 The expression 6 x 10^ 2 x 10^ 7 s 10^ 9 is equal to 

A 6,279 

B 62 « 709 

C 602.709 

0 627,009 

E 6,020,709 

STOP. DO NOT CONTIHUE UNTIL TOU ARE TOLD TO DO SO. 



14b 
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APPENDIX F: 

MATHEMATICS TEST: ADVANCED BIOLOGY POPULATION 
FIFTEEN MATHEMATICS TEST ITEMS PRESENTED TO BIOLXXiY POPULATION H 
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INTERWATIOMAL SCIENg STUDY 



MATH TEST PACE 1 




1 Th»f ar« 237 studtatt in a school* Evtry studo&t in tho school bolongt 



to oither tho auelc club or tho sports club, and som studonts bolong to 
both clubs. Tht auslc club has 120 Mabers» aad 36 of thaso ai . also 
Mi^rs of tho sports club* What is Um total Mabarship of tha sports 
club? 



A 


84 


B 


107 


C 


120 


0 


143 


E 


191 



2 The •xprcMsion 6 * 10* 2 x 10* 7 x 10* 9 is cqaal to 

A 6,279 

B 62,709 

C 602,709 

D 627,009 

E 6.020.709 




3 • ^ is tqiul to 

A a ' 3b 

15 

B 5a - 15b 

15 

C a - b 

10 

D a - b 

75 

E 3a - 5b 

75 
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INTERNATIONAL SCIENCE STUDY 
4 



HATH TEST PACE 2 



w;m/mm 












1 


n 






1 



la tht figurt the littlt iqiurt art all the lai 
the whole rectangle it equal to 1. 



size, and the area of 



The area of the shaded part ia equal to 

_2 
IS 



A 
B 

C 
D 
E 



1 
3 

2 
5 

3 
8 

1 
2 



Frank decided to sake a bar graph to ihow the aaxiaua teaperature on four 
days. He made this table to help hia draw the graph. 



Day 


Hon 


Tue 


Wed 


Thur 


tUxiaua tMperaturc 


16 \ 


18 


21 \ 


24 ^'C 


Mtight of bar 


8 ca 


9 ca 




12 ca 



vniat should be the height of the bar for Wednesday? 

A 9.S ca 

B 10 ca 

C 10. S ca 

U 21 ca 

E 42 ca 
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IHTERNATIOIIAL SCIEWtt STUDY 



HATH TEST PACE 3 



2 A 

If 2 * thta A can bt tqual to 



A 1 

B 2 

C k 

D 8 

E U 



























/ 














/ 














m 














/ 






























































1. : 


\ 3 i 




! 7 8 



Tht tqiutloQ cf tht graph shovii aboirt is 



A 
B 

C 
0 
E 



y « X ♦ 1 

y » « ♦ 2 

y » 2i ♦ I 

y « 2x ♦ 2 

y » 3i • 2 



8 A solid plastic cubs vith tdgts 1 ctntiMttr loog v«ighs 1 graa. Hov 
■uch vill a solid cubs of the sasM plastic Migii if tach «dge is 2 ctttti- 
Mttrs loftg? 

A \% gran 

B 8 gram 

C 4 grass 

D 3 graas 

E 2 graais 
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IllTERMATIOHAl SC T ENCE STUDY HATH TEST PAGE 4 



# 




B X < 5 

C X < 14 

0 X > 5 

E X > 14 
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INTERNATIOWAL SCIENCE STUDY 



HATH TEST PAGE 5 



11 A factory produces ■ can per veek. Hov May cart per veek vill it 
produce after production it increased p per cent? 



lOOp ♦ m 



100a ♦ ap 

a ♦ ap 

100 



D 
E 



a ♦ 



100 



100 
♦ a 



12 If xy « 1 and x is greater than 0, vhicb of the folloving stiteaents is 
true? 



A 
B 

C 
D 
E 



When X is greater than 1, y is negative. 
When X is greater than 1» y is greater than 1. 
When X is less than 1^ y is lest than 1. 
As X increases y y increases. 
As X increases, y decreases. 



13 A certain operation written as 7 is defined by: 
a V b s ^ * * for any nuabers a and b. 

If S V b s |, what is the value of b? 



A 
B 

C 
D 
E 



mTERHATIOMAl SCIENtt STUDY 



MATH TEST PACE 6 



0 


0 


0 


© 


O 


? 

• 


0 


© 


0 



Part of the pattern above la ■iisiof ai shown by the question sMrk. 
Which fifure best completes the pattern? 



o 
0 
0 



D 
B 



15 Mut nuabcr should go in the space to coaplete the fellowiof nmber 
pettern? 

2, 4, .... 48, 240 

A 8 

B 12 

C 16 

D 24 

E 32 



STOP. DO NOT CONTINUE UNTIL TOU ARE TOLD TO 00 SO. 
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